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NOVEL PROBES FOR THE DETECTION OF MYCOBACTERIA 

The present invention relates to novel probes and to mixtures of such probes, in addition to 
the design, construction and use of such novel probes or mixtures thereof for detecting a 

5 target sequence of one or niore rtiycobacteria. which probes are capable of detecting such 
organism(s) optionally present in a test sample, e.g. sputum, laryngeal swabs, gastric lavage, 
bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal, pleural, pericardial, 
synovial, blddd, pus, bone marrow), urine, tissue sections as well as food samples, soil, air 
and water samples and cultures thereof. The invention relates in particular to hovel probes 

10 and mixtures thereof for detecting the presence of one or more mycobaicteria of the 

Mycobacterium tuberculosis Complex (l\ATC) and for detecting the presence of one or more 
mycobacteria other than mycobacteria of the Mycobactieriuni tuberculosis Complex (MOTT). 
The invention further relates to diagnostic kits comprising one or more of such probes. The 
probes of the present invention are suiprisingly able to penetrate the cell wall of the 

15 rhycobacteria, thus making poissible the development of feist an easy-performed in situ 
protooolis. 

BACKGROUND OF THE INVENTION 

20 Tuberculosis is a very life-threatening and highly epidemic disease which is caused by 
infection wifh Mycobacterium tuberculosis. Tuberculosis is presently the predominant 
infectious cause of morbidity and mortality world-wide, and is estimated to kill about three 
million people annually. WHO estimates that the annual number of new cases of tuberculosis 
will increase from 7.5 riiillion in 1990 to 10.2 million in 2000, an escalation that will result in 

25 approximately 90 rnillion new cases during this decade. It is furthemiore estimated that 30 
million people will die from tuberculosis during the 1990s, which equals one quarter of 
preventable deaths among adults. 

The prevalence of tuberculosis has been very high In the poorer parts of the worid such as 
30 Asia, Africa arid South-America, but In recent years an increiase has also been observed in 
Industrialised countries. This appears to be due to an interactbn of various factors including 
i.a. patterns of migration, pooriy organised tuberculosis programmes arid nutrition problems. 
. Furthermore, a serious threat will arise from the emergence of new strains that are dmg 
resistant or worse, multi-drug resistant 

35 

Mycobacteria are often divided into tuberculous mycobacteria, i.e. mycobacteria of the 
Mycobacterium tuberculosis Complex (MTC), and non-tuberculous mycobacteria, i.e. 
mycobacteria other than those of the Mycobacterium tuberculosis Complex (MOTT). The MTC 
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group comprises apart from M. tuberculosis. M. bovis, M. africanum and M. microti. 
Mycobacteria of the MOTT group are not nomfially pathogenic to healthy individuals but may 
cause disease In immunocompromised individuals. e.g. individuals infected with HIV. Clinical 
relevant nrrycdbacterla of the MOTT group are in particular M. aviuni. M. intraoellulare. M. 
5 kansasii and M. gordonae. but also M. scrbfulaceum, M. xenopi and M. fortuitum. 

M. avium and M. intracellulare together with M. paratuberculosis arid M. lepraemurium 
constitute the Mycobacterium avium Complex (MAC). Extended with M. scfofulaceum, the 
group is named Mycobacterium avium -intracelluiare -scrofulaceum Complex (MAIS), 

10 

It is well-known that treatment of nlycobacterial infections with antibiotics may lead to the 
emergence of drug resistant strains. Many antibiotic drugs excert their effects by interfering 
with protein synthesis or with transcription. Studies of the molecular mechanisms underiying 
certain antibiotic resistance phenotypes In clinical myoobacterium isolates have revealed 

1 5 hfiutations In rRN A genes. The development of resistance because of mutation(s) located in 
the rRNA gene is likely to occur since slow-growing mycobacteria have only a single rRNA 
operon. All mycobacteria populations comprise a minority of drug resistant riiutants that have 
arisen by spontaneous rrtutation. These mutated mycobacteria do nomially not survive 
particulariy well. but. when single-drug therapy is offered as treatment, the drug susceptible 

20 bacteria are killed, and only the resistant mutants will survive and multiply, and, thus at some 
point constitute the majority of the mycobacterial population. The selection of drug resistant 
bacteria due to inadequate drug therapy leads to a state of so-called **acquired drug- 
resistance". In contrast "primary drug-resistance" is used to characterise a situation where 
drug-resistant mycobacteria can be isolated from a patient who has never been treated for 

25 riiycobacterial infection, and lias become infected with drug-resistant mycobacteria fixjm an 
individual suffering from infection witti an acquired drug resistant t>acterium. 

Today, drug-resistance is detennined primarily phenotypically by culturing clinical samples, in 
which presence of mycobacteria have been demonstrated, in tfie presence of ttie individual 
30 drugs. This is unfortunately a very slow and time-consuming procedure as the result of the 
drug-resistance studies depends on tiie growth ratie of the mycobacteria, which are well- 
known to be slow. Thus, the result Is not available until after several weeks. 

Although the incidence of drug-resistance is, at least not yet very common, it is nevertheless 
35 very important that resistant stains aire identified and eradicated. Therefore, it is of major 
importance to find a reliable and rapidly performed mettiod of diagnosing drug-resistance. 



Presently, the detection of mycobacteria by microscopy is the irost prevalent method for 
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diagnosis. The sample (e.g. an expectorate) is stained for the presence of acid-fast bacilli 
using e.g. ZiehMsleelsen staining. However, staining for acid-fast bacilli does not provide the 
necessary information about the type of infection, only whether acid fast bacilli are present in 
the sample, and this Is In itself not sufficient Infonmation for establishing a diagnosis. Samples 
5 positive for acid fast bacilli, may subsequently be cultured in order to be able to perform 
species identification. 



Since Ziehl-Neelsen staining cannot be used to detennine whether the infection is caused by 
mycobacteria of the MTC group or mycobacteria other than mycobacteria of the MTC group, a 
iO positive staining frequently leads to very costly isolation of all the patients with suspected M. 
tuberculosis infection as well as treatment with medicaments to which the patient may not 
even respond. 

Since the sensitivity of acid fast staining is only approximately 10^-10* per ml smear negative 
15 samples should also be cultured as culture-based tests are sensitive, and as it may be 

possible to detect 10-100 organisms per sample, but the result is not available before up to 8 
weeks of culturing. Likewise, infonnation about drug susceptibility is not available until after 1- 
3 weeks of further testing. 

20 Different solid or liquid media (Loewenstein Jensen slants and Dubos broth) have traditionally 
been used for culturing of mycobacteria-containing samples. Newer media include ESP Myco 
Culture System (Difco), iVIB/BacT (Organon Teknika), BacTec (Becton Dickinson) and MGIT 
(Becton Dickinson). These test media are based on colourmetric or fluorometric detection of 
cartjon dioxide or oxygen produced by mycobacterial metabolism, and adapted to automated 

25 systems for large scale testing. 



Species identification is presentiy earned out following culturing using traditional biochemical 
methods or probe hybridisation assays (e,g. AccuProbe by Gen-Probe Inc., USA). There Is, 
tiierefore, an increasing need for means allowing a more rapid distinction between 
3b mycobacteria of tiie MTC group and ntycdbacteria otiier than those of Uie MTC group, and for 
further species identification of those especially mycobacteria otiier tiian tiiose of the MTC 
group. 



A number of new attempts to replace tiie culture-based methods relies on molecular 
35 amplification technology. Several metiiods have emerged, among them tiie polymerase chain 
reaction (PCR). tiie ligase chain reaction and transcription mediated amplification. The basic 
principle of amplification methods is that a specific nucleic acid sequence of the mycobacteria 
is amplified to increase tiie copy number of tiie specific sequence to a level where ttie 
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amplicon may be detectable. In principle, the methods offers the possibility of detecting only 
one target sequence, thus. In principle, making detection of mycobacteria present at low levels 
possible. However, it has become clear that the target amplification methods cannot replace 
culture-based methods as only samples which are positive by staining for acid fast bacilli 

5 (AFB) give a satlsfactoiy sensitivity. Furthermore, specific problems exist for each method. 
The PGR method may give fialse negative results due to the presence of inhibitors such as 
haemoglobin. Another problem arises from cross-contamination of negative specimens and/or 
reagents with amplified nucleic acid present in the laboratory environment leading to false 
positive results. A disadvantage is that costly reagents are needed for perfonning these tests. 

10 Furthermore, specialised Instrumentation is required, making these tests mainly useful in large 
specialised laboratories, and generally not applicable in smaller clinical laboratories. 

Nucleic acid probes for detecting rRNA of mycobacteria have been described in for example 
US 5 547 842. EP-A 0 572 120 and US 5 422 242. 

15 

Considering the perspective and impact the disease has, the development of rapid and 
preferably easy-performed and further economic feasible diagnostic detection tests are of 
utmost importance and would be a very valuable tool In the fight against the spread of 
tuberculosis. 

20 

Peptide nucleic acids are pseudb-peptides with DNA-binding capability. The compounds were 
first reported in the early nineties in connection with a series of attempts to design nucleotide 
analogues capable of hybridising, in a sequence-specific fashion, to DNA and RNA, cf. WO 
92/20702. 

25 

Hybridisation of peptide nucleic acid probes to DNA and to RNA has been shown to obey the 
Watson-Crick base pairing mies, and peptide nudisic acid probes have been found to 
hybridise to a DNA or a RNA target with higher affinity and specificity than the nucleic acid 
counterparts. These properties are ascribed to the unchained, as opposed to the chafed. 

30 structure of the peptide nucleic acid and DNA or RNA backbones, respectively, and to the high 
confbmiatldnal flexibility of the peptide nucleic acid molecules. These features - together with 
the documented stability of peptide nucleic acid towards a variety of naturally occum'ng nuc- 
leases and proteases that usually degrade DNA. RNA or proteins - invite for use of peptide 
nucleic acid probes as antisense therapeutic agents and opens potentially important 

35 applications in diagnostics. 

SUMMARY OF THE INVENTION 
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The present invention relates to novel peptide nucleic acid probes and to mixtures of such 
probes for detecting a target sequence of one or more mycobacteria optionally present in a 
sample. In accordance with claim 1 , the probes are directed to target sequences of 
mycobacterial rRNA, genomic sequences corresponding to said rRNA (rDNA) and precursor 
5 rRNA. rRNA is present in a high number of copies in each cell, and is hence a well suited 
target. The probes are. as defined in daim 2, suitably directed to target sequences of 
nnycbbacterial rDNA, precursor rRNA. or 23S, 16S or 5S rRNA. 

Thus, in a first aspect, the invention features a hybridisation assay probe and a mixture of 
10 such probes for detecting a target sequence of one or more mycobacteria in accordance with 
claim 1 and 2. Under appropriate stringency conditions. Such probes should not to any 
significant degree cross-react with ribosomal nucleic acid from other not relevant organisms, 
present in the test sample, in particular other mycobacteria. Cross-reactivity to organisms that, 
are unlikely to be prieserit in the sample may not be of Importance. In m situ assays Implying 
15 examination by micrbscdpy, it is further possible to distinguish nrycobaderia from other 
bacteria based on tiie morphology of these bacilli. 

the invention also relates to peptide nudeic acid probes in accordance wKh claim 3 for 
obtaining a target sequence and in accordance with claim 4 for obtaining a probe. 

20 

In another aspect, the invention relates to novel peptide nucleic acid probes for detecting a 
target sequence of one or niore mycobacteria of the MTC group, and one or more 
mycobacteria other tilan mycobacteria of the MTC group, which probes comprise from 6 to 30 
polymerised peptide nucleic add moieties (claim 5). Suitable probes of formula (I) are claimed 
25 in claim 6. 

Claims 7 to 1 0 and 1 5 to 24 relate to probes or mixtures of such probes for detecting a target 
sequence of one or more mycobacteria of the ^4TC group. Claims 11 to 1 3 and 1 6 to 24 relete 
to probes or mbctures of such probes for detecting a target sequence of one or more 
3d mycobacteria othisr than mycobacteria of the MTC group (MOTT group). Claim 14 relates 
specifically to probes for detecting dmg resistant mycobacteria. Claims 25 to 27 relate to the 
use of such probes or mixtures ttiereof. 

in accordance with claims 28 to 34, the present invention also relates to a method for 
35 detecting tiie presence of mycobacteria. 

In yet anotiier aspect, tiie present invention relates to a kit (claim 35 and 36) comprising at 
least one peptide nucleic acid probe as defined in claims 1 to 24. 
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Mycobacteria are characterised by a complex cell wall which contains myolic acids, complex 
waxes and unique glycoiipids. It is generally recognised by those skilled in the art that this wall 
provides mycobacteria with extreme resistance to chemical and physical stress as compared 
5 to other bacbBria, and, accordingly, makes them very difficult to penetrate and lyse. The low 
permeability of the cell wall is considered to be the main reason for the fact that only very few 
drugs are effective in the treatmerit of tuberculosis and other mycobacterial infections. As 
described in US 5 582 985. the wall appears further to prevent penetration by nucleic acid 
probes. Even with short probes (shorter ttian 30 nucleic acids), specific staining is low or often 
10 non-existent Protocols that allow DNA probes to be used for in situ hybridisation to 

mycobacterial species are described in US 5 582 985. However, these protocols require 
dewaxing of the mycobacterial cell wail with xylene and further enzymatic treatment prior to 
the hybridisation step in order to make the mycobacterial cell wail pemneabte to the DNA 
prebes. 

15 

The problems set forth above have surprisingly beeri conripletely solved by the use of peptide 
nucleic add probes. It has, surprisingly, been found that the peptide nucleic acid probes are 
able to penetrate the cell wall of the mycobacteria, and furthermore that this is taking place 
rapidly. The person skilled in the art would arrive at the conviction that it would be necessary 

20 to heavily treat the mycobacteria before hybridisation is earned out. Thus, based on the 
available prior art, there is a strong prejudice against carrying out hybridisation without prior 
destruction of the mycobacterial cell wall. The inventors have shown that this is indeed and 
unexpectedly possible. It has been demonstrated that the probes of the present invention are 
able to hybridise to mycobacterial precursor rRlsiA and rRNA without harsh treatment of the 

25 mycobacterial cells, thus avoiding a risk of intertering with the morphology of the cells. Using 
the present probes, specific and easy detection and, subsequenfly, diagnosis of tuberculosis 
and other mycobacterial infections are ttius possible. 

BRIEF DESCRIPTION OF THE FIGURES 

30 

Alignments of rDNA sequences of M. tuberculosis (as a representative of the MTC group) and 
important closely related species thereto, including M. avium (as a representative of the 
mycobacteria ottier than those of the MTC group) and important closely related species 
thereto for the 23S. 16S and/or 5S rRNA genes have been made (Figures 1 A-1J, 2A-2D, 3. 
35 4A-4L and 5A-B). The alignment for M. bovis and M. intraceilulare are partly based on public 
available sequences and partiy on sequences obtained by sequencing performed at DAKO 
A/S. 
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Alignment for the MTC group (23S rDNA) 

Figures 1A-1J show alignments of 23S rDNA sequences of M. tuberculosis (GenBank entry 
6B:MtCY130, accession number Z73902), M. avium (GenBank entry GB:MA23SRNA. 
accession number X74494), M. paratuberculosis (GenBank entry GB:MPARRNA, accession 

5 number X744i95). phlei (GenBank entry GB:MP23SRNA, accession nuniber X74493). M. 
leprae (GenBank entry GB:ML5S23S, accession number X56657), M. gastri (GenBank entry 
GB:MG23SRRNA, accesston number Z1 7211), M. kansasii (GenBank entry 
GB:MK23SRRNA, accession number Z17212). and M. smegmatis (GB:MS16Si23S5, 
accession number Y08453). Preferred peptide nucleic acid probes should enclose at least one 

10 nucleobase complementary to a nucleobase of M. tuberculosis 23S rRNA within positions 
149-158, 220-221. 328-361, 453-455. 490-501, 637-660. 706-712. 762-789. 989, 1068-1072, 
1148. 1311-1329. 1361-1364. 1418, 1563-1570, 1627-1638. 1675-1677, 1718. 1734-1740. 
1967^1976, 2403-2420. 2457-2488. 2952-2956. 2966-2969, 3000-3003. and 3097-3106 of the 
alignment (indicated by heavy frarihes). Differences between the sequences of M. avium, M. 

15 phlei. M. leprae, M. paratuberculosis, M. gastri and M. kansasii and that of M. tuberculosis in 
the alignrtieht are indicated by light frames. 

Alignment for the MTC group (1 6S rDNA) 

Figures 2A-2D show alignments of 16S rDNA sequences of M. tuberculosis (GenBank entry 

20 GB:MTU16SRN, accession number X52917), M. bovis (GenBank entry GB:MSGTGDA, 
accession number M20940), M. avium (GenBank entry GBiMSGRRDA. accession number 
M61673). M. intraceilulare (GenBank entry GB:MIN16SRN. accession number X52927), M. 
paratuberculosis (GenBank entry GBiMSGRRDH, accession number M61680), M. 
scrofiilaceum (GenBank entry GB:MSC16SRN, accession number X52924), M. leprae 

25 (GenBank entry GB:MLEPi6S1 , accession number X55587), M. kansasii (GehBank entry 
GB:IVlKRRN16, aiccessibn number X1S916), M. gastri (GenBank eritry GB:MGA16SRN, 
accession number X52gi 9), M. gdrdonae (GenBank entry GB:MSGRR16SI, accession 
number M29563) and M. marinum (GenBank entry GB:MMA16SRN. accesston number 
X52920). Preferried peptide nucleic acM probes shouM enclose at least one nucleobase 

30 complementary to a nucleobase of 1^. tuberculosis 16S rRNA within positions 76-79, 98-101 , 
135-136, 194-201. 222-229. 242. 474. 1136-1145, 1271-1272. 1287-1292, 1313. and 1334 of 
the alignment (indicated by heavy frames).Differehces between the sequences of M. bovis. M. 
avium. M. intraceilulare. M. paratuberculosis, M. scrofulaceum, M. leprae. M. kiansasi), M. 
gastri. M. gordonae and M. marinum. and that of M. tuberculosis In the alignment are indicated 

35 by light frames. 

Alignment for the MTC group (5S rDlslA) 

Figure 3 shows alignments of 5S rDNA sequences of M. tuberculosis (GenBank entry 
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GB:MTDNA16S, accession number x75601), M. bovis (GenBank entry GB:MBRRN5S. 
accession number X05526). M. phlei (GenBank entry GB:MP5SRRNA. accession number 
X55259), M. leprae (GenBank entry GB:ML5S23S. accession number X56657), and M. 
smegmatis (GenBank entry (3B:MS16S23S5, accession number Yd8453). Preferred peptide 
5 nucleic add probes should enclose at least one nucleobase complementary to a nucleobase 
of M. tuberculosis 5S rRNA within positions 86-90 of the alignment (indicated by heavy frame). 
Diffenefices between the sequences of M. bovis, M. phlei. M. leprae, M. smegmatis and M. 
luteus and that of M. tuberculosis in the alignment are indicated by light frames. 

10 Alldnment for Mycobacteria other than those of the MTC group (23S rDNA) 

Figures 4A-4L show alignments of 23S rDNA sequences of U. avium (GenBank entry 
GB:MA23SRNA, accession number X74494), M. paratuberculosis (GenBank entry 
GBrMPARRNA. accessiort number X744g5), M. tuberculosis (GenBank entry GB:MTCY130. 
accession number Z73902), M. phlei (GenBank entry GB:MP23SRNA, accession number 

15 X74493), M. leprae (GenBank entry GB:ML5S23S. accession number X56657), M. gastri 
(GenBank entry GB:MG23SRRNA, accession number Z17211), M. kansasii (GenBank entry 
GB:MK23SRRNA, accessk>n number Z1 7212), and M. smegmatis (GB:MS16S23S5. 
accession number yd8453). Preferred peptide rtudeic acid probes should enclose at least one 
nucleobase cdnriplementary to a nucleobase of M. avium 23S rRNA within positions .99-1 01 , 

20 183. 261-271. 281-284, 290-293, 327-335, 343-357, 400-405. 453-462, 587-699, 637-660. 
704-712, 763-789, 1060-1074. 1177-1185, 1259-1265. 1311-1327. 1345-1348. 1361-1364, 
1556-1570, 1608-1613, 1626-1638, 1651-1659. 1676-1677. 1734-1741. 1847-1853, 1967- 
1976. 2006-2010. 2025-2027, 2131-2232. 2262-2255. 2396-2405. 2416-2420, 2474-2478, 
2687, 2719, 2809. 3062-3068. and 3097-3106 of the alignment (indicated by heavy frames). 

25 Difiierences between the sequences of piaratuberculosis, M. tutierculdsis. M. phlei, IVI. 
leprae, M. gastri, M. kansasii. and M. smegmatis and that of M. avium in the alignment are 
indicated by light frames. 

Alignment for MycobactBria other than those of the UfTC group (16S rDNA) 
30 Figures 6A-5B show alignments of 16S rDNA sequences of M. avium (GenBank entry 
GB:MSGRRDA, accession number M61673), M. intracellulare (GenBank entry 
GB:MIN16SRN. accession number X52927).M. paratuberculosis (GenBank entry 
GB:MSGRRDH. accession number M61680), M. scrofulaceum (GenBank entry GB: 
MSC16SRN. accession number X52924), M. tuberculosis (GenBank entry GB:MTU16SRN. 
35 accession number X52917), M. bovis (GenBank entry GB:MSGTGDA, accession number 
M2094b), M. leprae (GenBank entry GB:IWLEP16S1. accession number X55587), M. kansasii 
(GenBank entry GB:MKRRN16, accession number X1 591 6). and M. gastri (GenBank entry 
GB:MGA16i5RN, accession number XS291 9), M. gordonae (GenBank entry GB:MSGRR16SI, 
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accession number M29563). and M. nrtarinum (GenBank entry GB:MMA16SRN. accession 
number X52920). Preferred peptide nucleic add probes siiould enclose at least one 
nucleobase complementary to a nucleobase of M. avium 16S rRNA within positions 135-136. 
472-475. 1136-1144. 1287-1292, 1313. and 1334 ofthe alignment (indicated by heavy 
5 frames). Differences between the sequences of M. tntracellulare. M. paratuberculosis, M. 
scrofulaoeum^ M. tuberculosis, M. bovis. M. leprae, M. kansasii. and M. gastri and that of M. 
avium In the alignment are indicated by light frames. 

Drug-resistance 

10 Figure 6 shows a partial M. avium 23S rDNA sequence including positions 2550 to 2589 of 
GenBank entry X74494. Bases in positions where deviations from the wild-type sequence 
have been conflated with macrolide-resistance are framed. Positions 2568 and 2569 in the 
figure correspond to positions 2058 and 2059. respectively, of E. coil 238 rRNA. 

15 Figure 7 shows a partial M. tuberculosis 16S rDNA sequence including positions 441 to 491 
and 843 to 883 of GenBank entry X52917. Bases in positions where deviations from the wild- 
type sequence have bedh correlated with resistance to streptomycin are framed. Positions 
452. 473, 474, 477, 865, and 8B6 in the figure correspond to positions 501, 522, 523. 526, 
912. and 913. respectively, of E.coli 16S rRNA. 

20 

SPECIFIC DESCRIPTION 

the present invention provides novel probes for use in rapid and specific, sensitive 
hybridisation based assays for detecting a target sequence of one or more mycobacteria, 
25 which target sequence is located In the nnycotecterlal rDNA. precursor rRNA. or In the 23S, 
163 or 5S rRNA. The probes to be used in accordance with the present invention are peptide 
nucleic acid probes. Peptide nucleic acids are non-naturally occurring polyamides or 
polythioamides which can bind to nucleic acids (DNA and RNA). Such compounds are 
described In e.g. WO 92/20702. 

30 

We have identified suitable variable regions ofthe target nucleic acid by comparative analysis 
of generally available rDNA sequences and sequences obtained by sequendng as described 
above. Computers and computer programs, which have been used for the purposes disclosed 
herein, are commercially available. From such alignments, possibly suitable probes can be 
35 identified. The alignments are thus a useful guideline for designing probes with desired 
characteristics. 

When designing the.probes, due regard shouki be taken to the assay conditions under which 
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the probes are to be used. Stringency is chosen so as to maximise the difference In stability 
betweten the hybrid formed with the target nucleic acid and that formed with the non-target 
nucleic acid. It will typically be necessary to choose high stringency conditions for probes 
where the specificity depends on only one mismatch to non-target sequences. The more 
5 mismatches to non-target sequences, the less demand for high stringency conditions. 

Furthermore, probes should be designed so as to minimise the stability of probe-non-target 
nucleic acid hybrids. This may be accomplished by minimising the degree of complementarity 
to non-target nucleic acid. I.e. by designing the probe to span as many destabilising 

10 mismatches as possible, and/or to include as many additions/deletions relative to the target 
sequence as possible. Whether a probe is useful for detecting a particular mycobacterial 
species depends to some degree on the difference between the thermal stability of probe- 
target hybrids and.prbbernbn-target hybrids. For rRNA targets, however, the secondary 
structure of the region of the rRNA rriolecule in which the target sequence is located may also 

15 be of importance. The secondary structure of a probe should also be taken into consideration. 
Probes should be designed so as to minimise their proclivity to form hairpins, self-dimers, and 
pair-dimers if a mixture of two or more probes is used. 

Mismatching bases In hybrids formed between peptide nucleic acid probes and nucleic acids 
20 result in a higher thermal instability than mismatching bases in nucleic acid duplexes of the 
same sequences. Thus, the peptide nucleic acid probes exhibit a greater specificity for a given 
target nucleic acid sequence than a traditional nucleic acid probe, which is seen as a greater 
difference In T^, values for probe-target hybrids and probe-non-target hybrids. The sensitivity 
and specificity of a peptide nucleic acid probe will also depend on the hybridisation conditions 
25 used. 

The primary concern regarding the length of flie peptide nucleic acid probes is the warranted 
specificity, l.e. which lengtii provides sufficient specificity for a particular application. The 
optimal lengtii of a peptide nucleic acid probe comprising a particular site with differences in 
30 blase composition, e.g. among iselected regions of mycobacterial rRNA, Is a compromise 
between tiie general pattern ttiat longer probes ensure specificity and shorter probes ensure 
that the destabilising differences In base composition constitute a greater portion of the probe. 
Also, due regard must be paid to the conditions under which tiie probes are to be used. 

35 Peptide nucleic acid sequences are written from the N-temilnal end of ttie sequence towiards 
the C-terminal end. A free (unsubstihited) N-termlnai end or an N-terminal end terminating 
witii an amino acid is Indicated as H, and a free C-temilnal end is indicated as NH2 (a 
carboxamide group). Peptide nucleic acids are capable of hybridising to nucleic acid 
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sequences In two orientations, namely in antiparallel orientation and in parallel orientation. The 
peptide nucleic acid is said to hybridise in the antiparallel orientation when the N-terminal end 
of the peptide nucleic acid is facing the 3' end of the nucleic add sequence, and to hybridise In 
the parallel orientetioh when the C-ternrunal end of the peptide nucleic add is fadng the 5' end 
5 of the nudeic add sequence. In most applications, hybridisation in the antiparallel orientation 
is preferred as the hybridisation in the parallel orientation takes place rattier slowly and as ttie 
fbmied duplexes are not as stable as the duplexes having antiparallel strands. Triplex 
formation with a stoichiometry of two peptide nudeic acid strands and one nucleic acid Strand 
nriay occur if tiie peptide nucleic add has a high pyrimidine content Such triplexes are very 
10 stable, and probes capable of forming triplexes may tfius be suitable for certain applications. 

Mainly because the peptide nucleic add stirand is uncharged, a peptide nudeic add-nucleic 
add-duplex will have a higher T^ than ttie conresponding nudeic acid-nudeic acid-duplex. 
Typically ttiere will be an increase in Ti„ of about 1 *C per base pair at 100 mM NaCl 
16 depending on the sequence (Egholm et aL (1993), Nature. 365. 566-568). 

In contrast to DNA-DNA-duplex formation, no salt is necessary to tadlltata and stabilise tiie 
formation of a peptide nucleic add-DNA or a peptide nucleic acid-RlslA dupilex. The T^ of the 
peptide nucteic acid-DNA-duplex changes only littie witii increasing ionic strengtti. Typically for 

20 a 15-rtier, the T^ will drop only 5 "^C when \he salt concentration is raised from 10 nM NaCI to 
1 M NaCI. At low Ionic sti^ength (e.g. 10 mM phosphate buffer witii no salt added), 
hybridisation of a peptide nucleic add to a target sequence is possible under conditions where 
no stable DNA-DNA-duplex fomiation occurs. Furthermore, target sites ttiat normally are 
inaccessible can be made more readily accessible for hybridisation witii peptide nucleic add 

25 probes at low salt oonceritratibn as Uie secondary and tertiary stiruclure of nudeic acids are 
destabilised under such conditions. Using peptide nucleic acid probes, a separate 
destabilising step or use of destabilising probes may not be necessary to perform. 

rRNA is essential for proper fundion of ttie ribosomes and ttius ttie synttiesis of proteins. The 
30 genes encoding the rRNAs are in eubacteria located in an operon in which the small subunit 
RNA gene, the 16S rfRNA gene, is located nearest the 5* end of ttie operon. ttie gene for the 
large subunit RNA. ttie 23S rRNA gene, is located distal to the 16S rRNA gene and the 5S 
rRNA gene is located nearest tiie 3' end of the operon. The three genes are separated by 
spacer regions in which tRNA genes may be found, however, there are none in M. 
35 tuberculosis. The primary transcript of ttie eubacteria! rRNA operon is cleaved by RNaselll. 
This cleavage results in separation of ttie 16S. ttie 23S and tiie 5S rRNA into precursor rRNA 
molecules (pre-rRNA molecules) which besides the rRNA species also contain leader and tail 
sequences. The primary RNase III cleavage is normally a rapid process, whereas ttie 
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subsequent maturation is substantially slower Precursor rRNA is typically more abundant 
than even strongly expressed mRNA species. Thus, for certain applications, precursor rRNA 
may be an attractive diagnostic target In order to specifically detect precursor rRNA. a target 
probe should be directed against sequences comprising at least part of the leader or tail 
6 sequences. A target probe may further be directed against sequences of which both part of 
the leader/tali and mature rRNA sequences are constituents. 

Usually, patientis having contracted a mycobacterial infection are treated with medicaments 
until no mycobacteria can be found In the sputum. Except for culturing, the presently available 
10 methods do not allow for clear distinguishing between living and dead mycobacteria. This 
means that a patient may often be treated with medicaments for a longer period of time than 
actually necessary. A way of determining the progress of treatment would be a very valuable 
tool in the fight of tuberculosis and other mycobacterial diseases. 

15 As transcription and maturation of rRNA is a measure of viability, detection of precursor riRNA 
is a suitable and direct measure of viability of the bacteria. Furthenrore. precursor rRNA may 
be used for identification of antibiotic drugs which reduce or inhibit rRNA transcription. One 
such example is rifampicln. A transcriptional inhibitor will in susceptible bacteria eliminate new 
synthesis of rRNA and thus the pool of precursor rRNA will be depleted. However, in resistant 

20 cells, primary transcripts as well as precursor rRNAs will continue to be produced. 

Although it is prefeaed to use peptide nucleic acid probes targeting specific sequences of 
rRNA. it will readily be understood that peptide nucleic acid probes complementary to rRNA 
targeting probes will be useful for the detection of the genes coding for said sequence specific 
25 rRNA (rDNA), and peptide nucleic acid probes for the detecting rDNA is hence contemplated 
by the present invention. Although it is prefen-ed to choose the sequence of the probe so as to 
enable the probe to hybridise to its target sequence in antiparaliel orientation, it Is to be 
understood that probes capable of hybridising in parallel orientation can be constaucted from 
the same infonnation. The present invention is intended to cover both types of probes. 

30 

In the broadest aspect, the present invention relates to peptide nucleic acid probes for 
detiectihg a target sequence of one or more mycobacteria optionally present in a test sample, 
said probe being capable of hybridising to a target sequence of mycobacterial rDNA, 
precursor rRNA or rRNA (claim 1). 

35 

The probes of the invention may suitably be directed to rDNA, precursor rRNA, or to 23S, 16S 
or 5S rRNA. 
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In accordance with claim 3. the target sequences, to which the peptide nucleic acid prot)e(s} 
are capable of hybridising to, are obtainable by 

(a) coniparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
5 rnycobacteria to be detected with the con^sponding nucleobase sequence of organism(s). in 

particular other mycobacteria, from which said one or more mycobacteria are to be 
distinguished, 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organi$m(s), in particular other 

10 mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

(c) detemlinihg the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 

Peptide nucleic acid probes are, in accordance with daim 4, obtainable by 

15 

(a) comparing the nucleobase sequencies of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detected with the corresponding nucleobase sequence of organism(s), in 
particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished, 
20 (b) selecting a target sequence of said riRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organtsm(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, 
(c) synthesising said probe, and 

(4) determining the capability of said probe to hybridise to the selected target sequence to 
25 form detectebte hybrids. 

The probes are in particular suitable for detecting a terget sequence of one or more 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC) or for detecting a target 
sequence of one or more mycobacteria other than mycobacteria of the Mycobacterium 
30 tuberculosis Coniplex (MOTT) optionally present In a sample, which probe comprises from 6 
to 30 polymerised peptide nucleic acid moieties, said probe being capable of hybridising to a 
terget sequence of mycobacterial rDNA, precursor rRNA or 23S, 16S or 5S rRNA forming 
detectable hybrids (claim 5). In accordance with claim 6, such probes may comprise peptide 
nucleic acid moieties of formula (1) 
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(I) 



wherein each X and Y independently designate 0 or S, 

each Z Independently designates O, S, NR\ or C(R^)2, wherein each Independently 
designate H, alkyl, C^^ alkenyl. C^^ alkynyl. 

10 each R^, R^ and R"^ designate independently H» the side chain of a naturally occurring amino 
acid, the side chain of a non-naturally occumng amino add, C,^ aikyi, Ci^ alkenyl or C,^ 
alkynyl. or a functional group, each Q independently designates a naturally occurring 
nucleobase, a non-naturally occurring nucleobase, an Intercalatori a nucleobase-binding 
group, a label or H, 

15 and with the proviso indicated in claim 6. 

The probes may suitably be used for detecting a species specific mycobacterial target 
sequence, or target sequences of a group of mycobacteria like MTC, MOTT, MAC or MAIS. 
The probes may further be designed so as to be capable of hybridising to one or more dmg 
20 resistant mycobacteria, or, alternatively, to the wild-type corresponding thereto. In the design 
of the probes, sequences between different mycobacteria (one or more) may be taken Into 
account as may sequences from other related or non-related organisms (one or more). 

As mentioned above, drug-resistance Is an increasing threat to the fight of mycobacterial 
25 infection. Monotherapy with macrolides such as clarithromycin and azithromycin often leads to 
clinically significant drug-resistance. Clarithromycin and azithromycin are important drugs in 
the treatment of Infections by especially M. avium. Comparison between 23S rRNA sequences 
firom Isolates of M. avium and M. intracellulare with acquired resistance to clarithromycin and 
azithromycin and 23S rRNA sequences from non-resistant strains has revealed that the 
30 majority of resistant strains have single-point mutations in the 23S rRWi in positions 

con-espdnding to 2058 and 2059 in E. coli 23S rRNA. In the M. avium 23S rRNA sequence 
(GenBank accession number X74494), the corresponding bases are in position 2568 and 
2569, respectively, as shown in Figure 6. Most susceptible strains have an A residue in one of 
these positions whereas the resistant strains have a C, G or T in position 2058 (E. coli 
35 numbering corresponding to 2568 In M. avium with GenBank accession number X74494), or 
G or C In position 2059 (E. coli numbering corresponding to 2569 in M. avium with GenBank 
accession number X74494). 



1 
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Single-point mutations in rRNA apparently also account to some degree for streptomycin 
resistance. Streptomydn, the first successful antibiotic drug against tuberculosis, is an 
aminocyclltol glycoside tiiat perturbs protein synthesis at the ribosomal level. The genetic 
basis for streptomycin resistance has not yet been completely solvied. However, some 
5 streptomycin resistant strains of M. tuberculosis have single-point mutations in 16S rRNA. 
These mutations are located in positions conresponding to bases 501, 522, 523. 526. 912 and 
913 In E. coli 16S rRNA which con^spond to bases with numbers 452, 473, 474. 477. 865 and 
866, respectively, of M. tuberculosis 16S rRNA (GenBank accession number X62917) as 
shown in Figure 7. Most of these mutated nucleotides are involved in stiuctural interactions 
10 witiiin tile 630 loop of 16S rRNA which is one of the most conserved regions in ttie entire 16S 
rRNA gene. 

Mutations in an 81 bp region of the gene (rpoB) encoding tiie beta subunit of RNA polymerase 
are ttie cause of 96% of the cases of rifampicin resistance in M. tuberculosis and M. leprae. 

16 rRNA precursor molecules have terminal domains (tails) which are removed during late steps 
in precursor rRNA processing to yield tiie mature rRNA molecules. Transcriptional inhibitors 
such as rifiampicin can deplete precursor riRNA in sensitive ceils by irihibib'ng de novo 
precursor rRNA syntiiesis while allowing maturation to proceed. Thus, precursor rRNA is 
depleted in susceptible mycobacterium cells while it remains produced In resistant 

20 mycobacterium cells when tiie cells are exposed to rifarhpicin during culturing. 

Peptide nucleic acid probes for detecting a target sequence of one or more mycobacteria of 
ttie Mycobacterium tuberculosis Complex are defined in claims 7 to 10. Peptide nucleic acid 
probes for detecting a target sequence of one or more mycobacteria otiier tiian mycobacteria 
25 of ttie Mycobacterium tuberculosis Complex are defined in claims 1 1 to 1 3. Peptide nucleic 
acid probes for detecting a target sequence of one or more drug resistant mycobacteria of ttie 
Mycobacterium tuberculosis complex or of one or more drug resistant mycobacteria ottier than 
nnycobacteria of ttie Mycobacterium tuberculosis Complex are defined in daim 14. 

30 In tiie present context and ttie claims, ttie term "naturally occuning nucleobases" includes ttie 
four main DNA bases (i.e. ttiymine (T). cytosine (C). adenine (A) and guanine (G)) as well as 
other naturally occuning nucleobases (e.g. uracil (U) and hypoxanthine). 

The term "non-naturally occurring nucleobases" comprises i.a. modified naturally occurring 
35 nucleobases. Such non-naturally occurring nucleobases may be modified by substitution by 
e.g. one or more C,^ alkyi, Ci^ alkenyl or Ci^ alkynyl groups or labels. Examples of non- 
naturally occurring nucleobases are purine, 2,6-diamino purine. 5-propynylcytosine (C 
propynyl), isocytosine (iso-C), 5-mettiyl-isocytosine (iso^'C) (see e.g. Tettahedron Letters Vol 
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36, No 12. 2033-2036 (1995) or Tetrahedron Letters Vol 36. No 21, 3601-3604 (1996)). 7- 
deazaadenine, 7-deazaguanine. N*-ethanocytosine, N*-ethano-2,&<iiaminopurine, 5-(Cs^)- 
alkenyluracil, S-(C^)-alkynyl(^tosine, 5-fluorouracil and pseudocytosine. 

5 Examples of useful intercalators are e.g. acridln. antraquinone, psoralen and pyrene. 

Examples of useful nudeobase-bindtng groups are e.g. groups containing cyclic or 
heterocyclic rings. Nbn-limiting examples are 3-nitro pyrrole and S-nitro indole. 

10 It is to be understood that alky I. alkenyl and alkynyl groups may be branched or non-branched, 
cyclic or non-cyclic, and may further be interrupted by one or more heterbatoms, or may be 
unsubtituted or substituted by or may contain one or more functional groups. Non-limiting 
examples of such functional groups are acetyl groups, acyl groups, amino groups, carbamido 
groups, carbamoyl groups, carbamyl groups, carbonyl groups, carboxy groups, cyano groups. 

15 drthio groups, fonfnyl groups, guanklino groups, halogens, hydrazine groups, hydrazo groups, 
hydroxamino groups, hydroxy groups, keto groups, mercapto groups, nitro groups, phospho 
groups, phosphono groups, phospho ester groups, suHb groups, thioc^anato groups, cyclic, 
aromatic and heterocyclic groups. 

20 C^^ groups contain fhom 1 to 4 cart>on atoms. C^^ groups contain from 1 to 6 carbon atoms, 
and Ci.is groups contain from 1 to 15 carbon atoms, not including optional substituents, 
heteroatoms and/or functional groups. Non-limiting examples of such groups are -CH3, -CF3, 
-CH2-, -CH2CH3. -CH2CH2-, -CH(CH3)2. -OCH3. -OCH2-, -OCH2CH3, -OCH2CH2-, -OCH(CH3)2, 
-OC(0)GH3, -0C(0)CH2-. -C(0)H. -0(0)-. -C(0)CH3, -C(0)OH, -C(0)0-. .CH2NH2, -CH2NH-, 

25 -CH2OCH3. -CH2OCH2-, -CH2bC(0)OH. "CH20C(0)0-. -CH2C(0)CH3. -CH2C(0)CH2-. 

-C(0)NH2, -CH=CH2. -CH=CH-. .CH=CHCH2C(0)0H. -CH=CHCH2C(0)0., -ChCH, -CbC-. 
-CHaCsCH. -CHjCsC-, -CHjCsCCHa. -OCHaCsCH, -OCHaCaC-. -OCHaCfeCCHa, 
-NHCH2C(0)-, -NHCH2CH2C(OK -NH(CH2CH20)2CH2C(OK and H0(0)CCH2C(0)(NH- 
(CHaCH20)2CH2C(0))2-, phenyl, benzyl, naphthyl, oxazolyl. pyridinyl, thiadiazolyl. triazolyl, 

3d and thienyl. 

VVithin the present context, the expression "naturally occurring amino acid" is intended to 
comprise D- and L-forms of amino acids commonly found in nature, e.g. D- and L-forms of Ala 
(alanine). Arg (arginine). Asn (aspargine). Asp (aspartic acid), Cys (cysteine). Gin (glutamihe), 
35 Glu (glutamic acid). His (histidine), lie (isoleucine). Leu (leucine). Lys (lysine). Met 
(methionine). Phe (phenylalanine). Pro (proline), Ser (serine). Thr (threonine). Trp 
(tryptophan), Tyr (tyrosine) and Val (valine). 
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In the presiBnt context, the expression "non-naturally occurring amino acid" is intended to 
comprise D- and L-fomns of amino acids other than those commonly found in nature as well as 
modified naturally occuning amino acids. Examples of useful non-naturally occurring amino 
adds are D- and L-forms of p-Ala (p^lanine) Cha (cyclohexylalanine), Cit (dtrulline). Hci 
5 (homocitruHine), HomoCys (homocystein), Hse (homoserine). NIe (norteudne), Nva 
(norvaline), Om (ornithine). Sar (sanx)sine) and Thi (thienyialanlne). 

In the present context, the term "sample" is intended to cover all types of samples suitable for 
the purpose of the invention. Examples of such samples are sputum, laryngeal swabs, gastric 
10 lavage, bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal, pleural. 

pericardial, synovial, blood, pus, bone marrow), urine, tissue sections as well as food samples, 
soil, air and water samples. Analysis of samples originating from the before-mentioned 
samples (e.g. cultures and treated samples) are also within the scope of the invention. 

15 In the present context, the term "hybrids" is intended to indude complexes between a probe 
and a nudeic acid to be determined. Such hybrids may be made up of two or rnore strands. 

The strength of the binding between the probe and the target nucleic add sequence may be 
influenced by the ligand Q. When Q designates a nucleobase. Hoogsteen and/or Watson- 

20 Crick base pairing assist(s) in the formation of hybrids between a nudeic acid sequence to be 
detected and a probe. It is contemplated that one or more of the ligands may be a group which 
contribute little or none to the binding of the nucleic acid such as hydrogen. It is contemplated 
that suitable probes to be used comprise less than 25% by weight of peptide nucleic acid 
moieties, wherein Q designates such groups. One or more of the ligands Q may be groups 

25 that stabilise nucleobase stacking such as intercaiators or nucleobase-binding groups. 

In the above-indicated probes, one or more of the Q-groups may designate a label. Examples 
of suitable labels are given below. Moieties wherein Q denotes a label may preferably be 
located in one or both of the terminating mdieties of the probe. Moieties wherein Q denotes a 
30 label may, however, also be located internally. 

The peptide nucleic add probes may comprise moieties, wherein all X groups are O 
(pblyamides) or wherein all X groups are S (polythioamides). It is to be understood that the 
probes may also comprise mixed moieties (comprising both amide and thioamide moieties). 

35 

In another aspect, the present Invention relates to peptide nudeic add probes of formula (II), 
(III) and (IV) as well as mixtures of such probes defined in daim 15. 
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In a preferred embodiment, the peptide nucleic acid probes or mixtures thereof according to 
the invention are of fomiulas (l)-(IV) as defined in claim 16 with Z being NH, NCHa or O, each 
R^. and independently being H or the side chain of a naturally occurring amino acid, the 
side chain of a non-naturally occurring amino add, or aikyi, and each Q being a naturally 
5 occurring nudeobase or a non-naturally occurring nudeobase with the provisos defined in 
claims 6 to 14. 

Peptide nucleic acid probes or mixtures of such probes according to the invention are 
preferably those of formula (IHIV) as defined in claim 17 with Z being NH or O, and being 
10 H or the side chain of Ala, Asp, Cys, Glu, His, HomoCys, Lys, Om. Ser or Thr, and Q being a 
nudeobase selected from thymine, adenine, cytosine, guanine, uradl, iso-C. and 2,6- 
diamihopurine with the provisos defined in claims 6 to 14. 

Peptide nucleic acid probes or mixtures thereof, which are of major interest for detecting 
15 - mycobacteria of the MTC group or one or more mycobacteria other than mycobacteria of the 
MTC group, are probes of formula (V) according to daim 18, wherein R^ is H or the side chain 
of Ala, Asp, Cys. Glu, His. HomoCys. Lys. Om, Ser or Thr. Q is as defined in claim 17 and 
with the provisos indicated in claims 6 to 14. 

20 The peptide nucleic acid probe comprises polymerised moieties as defined above and in the 
daims. From the formula, it is to be understood that the probe may comprise polymerised 
moieties which structure may be mutually different or identical. In some cases, it may be 
advantageous that at least one moiety of the probe, preferably one (or both) of the moieties 
terminating the probe, are of a different stmcture. Such terminating hnoieties may suitably be a 

25 moiety of formula (VI) 




3b 

where Q is as defined above. Such moiety may suitably be connected to a peptide nucleic 
acid moiety through an amide bond. 

The peptide nucleic acid probe according to the invention comprises from 6 to 30 polymerised 
35 moieties of formulas (I) to (V), and, in addition, optionally one or two terminating moieties of 
formula (VI) as defined above. The preferred length of the probe will depend on the sample 
material and whether labelled probes are used. It is contemplated that espedaily interesting 
probes comprise from 10 to 30 polymerised moieties of formulas (I) to (V), and, In addition, 
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optionally one or two terminating moieties of fonmula (Vl) as defined above. Probes of the 
Invention may suitably comprise from 12 to 25 polymerised moieties of formulas (I) to (V), 
more suitably from 14 to 22 polynierised moieties of fbnnulas (I) to (V), most suitably from 1 6 
to 20 polymerised moieties of formulas (I) to (V). and. in addition, optionally one or two 
5 temninating moieties of formula (VI). 

As mentioned above, the polymerised moieties of the probes may be mutually different or 
identical. In some embodiments, the polymerised moieties of fbmtulas (V) constitute at least 
75% by weight (calculated by excluding labels and linkers), preferably at least 80% by weight 
10 and most preferably at least 90% by weight of the probe. 

The ends on the moieties temiinating the probe may be substituted by suitable substituents 
which in the following will be named "linkers". A terminating end may suitably be substituted by 
from 1 to 6 linkers, more suitably from 1 to 3 linkers. Such linkers may suitably be selected 

15 arhong C^.is alkyi, Cms alkeriyl and C1.15 alkynyl groups as defined above. The linkers may be 
substituted or unsubstituted, branched or non-branched, or be intemjptad by heteroatoms. or 
be substituted or contain functional groups as described above. This may depend on the 
chemical nature of the temninating moiety (i.e. whether the moiety is teriiilnated by a cariwn. 
oxygen or nitrogen atom). A terminating end or a linker on a terminating end may further be 

20 substituted by one or moire labels, which labels may be incorporated end to end, i.e. so as to 
form a non-branched labelled end, or may be incorporated so as to form a branched labelled 
end ("zipper*). The linkers may be attached directly to a terminating end, may be attached to a 
label or between labels on a terminatinig end, or be attached to a temiinating end before a 
label is attached to a temiinating end. It should be understood that two terminat'ng ends may 

25 cany different or kientical substituents, linkers and/or labels. It should further be understood 
that the term "a label" is intended to comprise one or moro labels as the term linkens" is to 
corhprise one or more linkers. For certain applteations, it may be advantageous that one or 
more linkers are incorporated between the peptide nuciek: acid moieties. Such applications 
may in particular be those based on triplex fomnation. 

30 

Examples of suitable linkers are -NH(CH2CH20)nCH2C{0)-, -NH(CHOH)„C(0)-, 
-(0)C(CH2OCH2)„C(O).and -NH(CH2)nC(0)-, NH2(CH2CH20)nCH2C(0)-. NH2(CH0H)nC(0K 
HO{0)C(CH20CH2)„C(OK NH2(CH2)nC(0)-. -NH(CH2CH20)„CH2C(0)OH, 
-NH{CHOH)„C(0)OH. -(0)C{CH20CH2)„C(0)OH and -NH(CH2)„C(0)0H, wherein n is 0 or an 
35 integer from 1 to 8. preferably from 1 to 3. Examples of very interesting linkers are 
-NHCH2C(0).. -NHCH2CH2C(0)-. -NH(CH2CH20)2CH2C(0)-, and 
HO{0)CCH2CH2C(0)(NH(CH2CH20)2CH2C(0))2-. 
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In the present context, the term "label" refers to a substituent which is useful for detection or 
visualisation. Suitable labels comprise fluorophores, biotin. dinitro benzoic acid, digoxigenin, 
radioisotope labels, peptide or enzyme labels, chemiluminiscence labels, fluorescent particles, 
hapten, antigen or antibody labels. 

5 

The expression "peptide tebel" is intended to mean a label comprising from 1 to 20 naturally 
oocuning or hon-naturally occurring amino acids, preferably from 1 to 10 naturally occumng or 
non-naturally occurring amino acids, more preferably from 1 to 8 naturally occurring or non- 
naturally occumng amino acids, most preferably from 1 to 4 naturally occumng or non- 

10 naturally occuning amino acids, linked together end to end in a non-branched or branched 
("zipper") fashion. Such peptide label may be composed of amino acids which are mutually 
Identical or different In a preferred embodiment, such a non-branched or branched end 
comprises one or more, preferably from 1 to 8 labels, more preferably from 1 to 4. most 
preferably 1 or 2, further labels other than a peptide label. Such further labels may suitably 

15 terminate a non-branched end or a branched end. One or more linkers may suitably be 

attached to the temiinating end before a peptkie label and/or a further label is attached. Such 
linker units may also be attached between a peptkJe label and a further label Furthermore, 
such peptide labels may be incorporated between the peptide nucleic acid moieties. 

20 The probe as such may also comprise one or more labels such as from 1 to 8, preferably from 
1 to 4, most preferably 1 or 2, labels and/or one or more linker units, which may be attached 
internally, i.e. to the backbone of the probe. The linker units and labels may rtiutually be 
attached as described above. 

25 Examples of particular interesting labels are biotin, fluorescein labels, e.g. 5-(and 6)-cariboxy' 
fluorescein, 5- or B-Cartjoxyfluoresoein, 6-(fIuorescein)-5-{and 6)-carboxamido hexanoic acid 
and fluorescein isothiocyanate. peptide labels consisting of from 1 to 20 naturally occurring 
amino acids or non-naturally occurring amino ackJs, enzyme labels such as peroxidases like 
horse radish peroxidase (HRP), alkaline phosphatase, and soya bean peroxidase, dinitro 

30 benzoic acid, rhodamine. tetramethylrhodamine, cyanine dyes such as Cy2. Cy3 and Cy5. 
coumarin. R-phycoerythrin (RPE). allophycoerythrin. Texas Red. Princeton Red, arid Oregon 
Green as Well as conjugates of R-phycoeryttlrin and, e.g. Cy5 or Texas Red. 

Examples of preferred labels are biotin, fluorescent labels, peptide labels, enzyme labels and 
35 dinitro benzoic acid. Peptide labels may preferably be composed of from 1 to 10, more 
preferably of from 1 to 8. most preferably of from 1 to 4, naturally occuning or non-naturalty 
occumng amino adds. It may be particulariy advantageous to incorporate one or more other 
labels as well as a peptide label such as from 1 to 8 or from 1 to 4 other labels, preferably 1 or 
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2 other labels. 

Suitable peptide labels may preferably be composed of cysteine, glycine, lysine or omithine. 

5 In a fiirtiier embodiment, the Q substituent as defined above may be labelled. Suitable labels 
are as defined above. Between Q and such a label, a linker as defined above may be 
incorporated. It iis prefen-ed that such labelled ligands Q are selected firom thymine and uracil 
labelled in the 5-positibn and 7-deazaguanlne and 7-deazaadenine labelled in the 7-position. 

10 A mixture of peptide nucleic acid probes is also part of the present invention. Such mixture 
may comprise more than one probe capable of hybridising to 23S rRNA, and/or more than one 
probe capable of hybridising to 16S rRNA. and/or or more than one probe capable of 
hybridising to 5S rRNA. A mixture of probes may further comprise probe(s) directed to 
precursor rRNA and/or ri3NA. The mixture may also comprise peptide nucleic acids for 

15 detecting more than one mycobacteria in the same assay. 

In a preferred embodlrhent, the nudeobase sequence of the peptide nucleic acid probe Is 
selected so as to be substantially complementary to the nudeobase sequence of the target 
sequence in question. In an especially prefen-ed embodiment, the nudeobase sequence of the 

20 peptide nucleic acid probe is selected so as to be complementary to the nudeobase sequence 
of the target sequence in question. By "complementary" is meant that the nucleobases are 
selected so as to enable perfect match between the nudeobases of the prabe and the 
riudeobases of the target, i.e. A to T or G to C. By substantially complementary is meant that 
the peptide nucleic acid probe is capable of hybridising to the target sequence, however, the 

25 probe ddes not necessarily have to be perfectly complementary to the target For example, 
probes comprising one or more bases not complementary to the target sequence and non- 
target sequences, especially base(s) located at the end of the probe, where the effect on the 
stability of probe-target nudeic add hybrids is low. Another example is probes comprising 
other naturally occurring bases. Thus provided that the probe is capable of hybridising to the 

30 target sequence, the nudeobase difference{s) between target sequences and non-target 
sequences ensures that the stability of prabe-non-target nudeic acid hybrids are lower than 
the stability of probe-target nucleic acid hybrids and therefore make such substantially 
complementary probes applicable for detection of mycobacteria. 

35 The probes may be synthesised according to the procedures described in "PNA Infonnation 
Package" obtained from Miliipore Corporatton (Bedford. MA. USA), or may be synthesised on 
an Expedite Nupleic Add Synthesis System (PerSeptive BioSystems. USA). 
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If using the Fmoc strategy for elongation of the probe with linlcers or amino acids. It Is possible 
to retialn side chain amino groups protected with add sensitive protection groups such as the 
Boc or iWtt group. This method allows introduction of a linlcer containing several Boc protected 
amino groups which can alt be cleaved and labelled in the same synthesis cycle. 

5 

One way of labelling a probe Is to use a fluorescent label, such as 5^(and 6)-carboxyfluore- 
scein. 5- or 6-carboxyfluorescein, or 6-(fluorescein)-6-(and 6)-carboxamido hexanoic acid. The 
acid group is activated with HATU {0^7-azabenzotria2ol-1-yl)-1,l.3,3-tetramethyluronlum 
hexafluorophosphate) or HBTU (2-(1H-benzotriazoM.yl)-1,1.3,3-tetramethyluronium 
10 hexafluorophosphate) and reacted with the N-terminal amino group of the peptide nucleic acid. 
The same technique can be applied to other labelling groups containing an acid function. 
Alternatively, the succinimidyl ester of the above-mentioned labels may suitably be used or 
fluorescein isothiocyanate may be used directly. 

15 After synthesis, probes can be cleaved firom the resin using standard procedures as described 
by Millipore Corporation or PerSeptive BioSyslems. The probes are subsequently purified and 
analysed using reversed-phase HPLC techniques at 50**C and were characterised by matrix- 
assisted laser desorption/ionisation time of flight mass spectrometry (MALDI-TOFMS), plasma 
desorption mass spectrometry (PDMS). electron spray mass spectrometry (ESMS). or fast 

20 atom bombardment (FAB-MS). 

Generally, probes such as probes comprising polymerised moieties of fbrriiula (IV) and (V) 
may also be prepared as described in, e.g.. Angewandte Chemie, Intemational Edition In 
English 35, 1939-1942 (1996) and Bioorganic & Medical Chemistry Letters, Vol 4. No 8. 1077- 
25 1080 (1S94). Chemical properties of some probes are described in, e.g.. Nature. 365, 566-568 
(1933). 

The method as claimed can be used for the detection of a target sequence of one or more 
mycobacteria optionally present in a sample. The method and the probes provide a valuable 
30 tool for analysing samples for the presence of such target sequences, hence providing 
information for establishing a diagnosis. 

In the assay method according to the invention, the sample to be analysed for the presence of 
mycobacteria is brought into contact with one or more probes or a mixture of such probes 
36 acconjing to the invention under conditions by which hybridisation between the probe(s) and 
any sample rRNA or rDNA originating from mycobacteria can occur, and the formed hybrids, if 
any, are observed or measured, and the observation or measurement is related to the 
presence of a target sequence of one or more mycobacteria. The observation or 
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measurement may be accomplished visually or by means of instrumentation. 

Prior to contact with probe(s) accdrding to the invention, the samples may undergo various 
types of sample processing which include purification, decontamination and/or concentration. 
5 The sample fnay suitably be decontaminated by treatment with sodium hypochlorite and 
subsequentiy cenfa-ifuged for concentration of the mycobacteria. Samples e.g. sputum 
samples may be treated witii a mucolytic agent such as N-Acetyl-L-cystein which reduces ttie 
viscosity of tiie sample as well as be freated with sodium hydroxide which decontaminates the 
sample, and subsequentiy centrifuged. Other well-known decontamination and concentration 

10 prcK:edures include the Zephiran-trisodium phosphate method, Petroff s sodium hydroxide 
method, the oxalic acid method as well as the cetylpyridlnium chloride-sodium chloride 
method. Samples may also be purified and concentrated by applying sample preparation 
methods such as filtration, immunocapture, two-phase separation either alone or in 
combination. The sample preparation methods may also be used togetiier wiUi ttie 

15 centrifiigation and decontamination metiiods mentioned above. 

Samples m^y, either dtrectiy or after having undergone one or more processing steps, be 
analysed in primarily two major types of assays, in situ-based assays and in vitro-based 
assays. In tills context, in situ-based assays are to be understood as assays, in which the 

20 target nucleic acids remain witiiin the bacterial cell during the hybridisation process. Examples 
are in situ hybridisation (iSH) assays on smears and biopsies as well as hybridisation to whole 
cells which may be in suspension and which subsequentiy may be analysed by e.g. flow 
cytometry optionally after capture of ttie bacteria onto particles (witii same or different type 
and size), or by image analysis after spreading of tiie bacteria onto a solid medium, filter 

25 membrane or anottier substantially planar surface. 

In vitro-based assays are to be understood as assays, in which ttie target nucleic adds are 
released firom ttie bacterial cell before hybridisation. Examples of such assays are microtiter 
plate-based assays. Many ottier assay types, in which tiie released target nucleic acids by 
30 some means are captured onto a solid phase and subsequentiy analysed via a detector 

probe, are feasible and witiiin ttie scope of tiie present invention. Even furttier, in viti^based 
assays include assays, in which the target nucleic acids are not captured onto a solid phase, 
but in which ttie hybridisation and signal generation take place entirely in solution. 

35 Samples for in situ-based assays may suitably be applied and optionally be immobilised to a 
support Techniques for applying of a sample onto a solid support depend on ttie type of 
sample in question and include smearing and cytocentrifugation for liquid or liquified samples 
and sectioning of tissues for biopsy materials. The solid support may take a wide variety of 
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forms well-known in the art, such as a microscope slide, a filter membrane, a polymer 
membrane or a plate of various materials. 

In the case of in vitro-based assays, the target nucleic add may be released from the 
5 mycobacterial cells in various ways. Most methods for releasing the nucleic acids cause 
bursting of the cell wall (lysis) followed by extraction of the nucleic acids into a buffered 
solution. As mycobacteria have complex cell walls containing covalentiy associated 
peptidoglycans, arabinogalactans and in particular mycolic acids, they cannot easily be 
disrupted by standard methods used for the rapid lysis of other bacteria. Possible methods 
10 which are known to give successful lysis of the mycobacterial cell wall include methods which 
involve treatment with organic solvents, treatment with strong chaotropic reagents such as 
high concentrations of guanldine thiocyanate. enzyme treatment bead beating, heat 
treatment, sonlcation and/or application of a French press. 

15 Samples to be analysed by in situ assays may be fixed prior to hybridisation. The person 

skilled In the art will readily recognise that the appropriate procedure will depend on the type of 
sample to be examined. Fixation and/or immobilisation should preferably preserve the 
morphological integrity of the cellular matrix and of the nucleic adds. Examples of methods for 
fixation are flanrie fixation, heat fixation, chemical fixation and freezing. Flame fixation may be 

20 accomplished by passing the slide through the blue cone of a Bunsen burner 3 or 4 times; 
heat fixation may be accomplished by heating the sample to 80*»C for 2 hours; chemical 
fixation may be accomplished by immersion of the sample in a fixative (e.g. formamide, 
methanol or ethanol). Freezing is particulariy relevant for biopsies and tissue secttons and is 
usually carried out in liquid nitrogen. 

25 

In one in situ hybridisation assay embodiment, the sample to be analysed is smeared onto a 
substantially planar sdid support which may be a microscope slide, a filter membrane, a 
polymer membrane or another type of solid support with a planar surfece. The preferred sotkl 
support is a microscope slide. After the smear has been prepared, it may optionally undergo 
30 further pre-treatment like treatment with baderiddal agents or additional fixation by irtimersion 
in e.g. ethanol. The sartiple may also be pre-treated with enzyme(s) which as primary function 
permeabilisiB the cells and/or reduce the viscosity of the sample. It may further be 
advantageous to perform a pre-hybridlsation step in order to block sites which might othenvise 
give raise to non-specific binding. For this purpose, blocking agents like skim milk, and non- 
35 target probes may suitably be used. The components of the pre-hybridisation mixture should 
be selected so as to obtain an effective saturation of sites in the sample that might othenvise 
bind the probe non-specifically. The pre-hybridisation buffer may suitably comprise an 
appropriate bufler. blocking agent(s), and detergents. 
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During the in situ liybridisation. one or more probes according to the present invention are 
brought into contact with any target rRNA or rDNA inside the cells in a hybridisation solution 
under suitable stringency conditions. The concentration of the applied probe may vary 
5 depending on the chemical nature of the probe and the conditions under which hybridisation is 
carried out Typically, a probe concentration between 1 nM and 1 pM is suitable. The 
hybridisation solution may comprise a denaturing agent which allows hybridisation to take 
place at a lower temperature ttian would be the case wittiout the agent. The denaturing agent 
should be present in an amount effective to Increase the ratio between specific binding and 

10 non-specific binding. The effective amount of denaturing agent depends on tiie type used and 
on the probe or combination of probes. Examples of denaturing agents are fbrmamide. 
ettiyiene glycol and glycerol, and these may preferably be used in a concentration above 10% 
and less than 70%. The preferred denaturing agent is fbrmamide which is used more 
preferably in concentrations from 20% to 60%, most preferably from 30% to 50%. It should be 

1 5 noted that in sieverai instances it may not be necessary or advantageous to include a 
denaturing agent 

Prior to hybridisation or during hybridisation, a mixture of random probes (probes with random, 
non-selected sequences of optionally difiRerent lengtii) may be added In excess to reduce non- 
20 specific binding. Also, one or more non-sense probes (probes witti a defined nucleobase 

sequence and length differing from tiie nucleobase sequence of tiie terget sequence) may be 
added in excess in order to reduce non-spedfic binding. Also, non-specific binding of 
detectable probes to one or more non-target nucleic acid sequences can be suppressed by 
addition of one or more untabelled or indepehdentiy detectable probes, which pnsbes have a 
25 sequence tiiat is complementary to the non-target sequence(s). It is particularty advantageous 
to add such blocking probes when the non-target sequence differs from the target sequence 
by only one mismatoh. 

It may be advantageous to include iiiert polyrifiers which are believed to increase tiie effective 
30 concentration of the probe(s) in the hybridisation solution. One such macromolecule is dextran 
sulphate which may be used in concentrations of ftxjm 2.5% to 15%. The preferred 
concentration range is from 8% to 12% in the case of dextran sulphate. Otiier useful 
macromolecules are polyvinylpyrrolidone and ficoll, which typically are used at lower 
concentrations, e.g. 0.2%. It may further be advantageous to add one or more detergents 
35 which may reduce the degree of non-specific binding of tiie peptide nucleic acid probes. 
Examples of useful detergents are sodium dodecyl sulphate. Tween 20® or Triton X-100®. 
Detergents are usually used in concentrations between 0.05% and 1.0%, preferably between 
0.05% and 0.25%. The hybridisation solution may fiirttiermore contain salt. Although it is not 
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necessary to include salt in order to obtain proper hybridisation, it may be advantageous to 
include salt in concentrations fifom 2 to 500 mM, or suitably from 5 to 100 mM. 

During hybridisation, other important parameters are hybridisation temperature, concentration 
5 of the probe and hybridisation time. The person slcilled In the art will readily recognise that 
optimal conditions must be determined for each of the above-mentioned parameters according 
to the specific situation, e.g. choice of probe(s) and type and concentration of the components 
of the hybridisation buffer, in particular the concentration of denaturing agent Presence of 
volume excluders may also have an effect 

to 

Following hybridisation, the sample is washed to remove any unbound and any ndn- 
spedfically bound probe, and consequently, appropriate stringency conditions should be used. 
By stringency is meant the degree to which the reaction conditions favour the dissociation of 
the fomied hybrids. The stringency may be increased typically by increasing the washing 

15 temperature and/or washing time. Typically, washing times frtim 5 to 40 minutes may be 

sufficient Two or more washing periods of shorter time may also give good results. A range of 
buffers may be used, including biological buffers, phosphate buffers and stendard citrate 
buffers. The demand for low salt concentration in the buffers is not as pertinent as for DNA 
probe assays due to the difference i^sponse to salt concentration. In some (»ses,'it is 

20 advantageous to increase the pH of the washing buffer as It may give an increased signal-to 
noise ratio (see WO 97/18325). This is conceivably due to a significant reduction of the non- 
specific binding. Thus, it may be advantegeous to use a washing solution with a pH value form 
8 to 10.5, preferably frorii 9 to 10. 

25 Visualisiatidn of bound probe(s) must be carried out with due regard to the type of label 

chosen. There are a wide range of useful probe labels, in particular various fluorescent labels 
such as fluorescein, fhodamine and derivatives thereof. Furthermore, labels like enzymes 
(e.g. peroxidases and phosphateses) and haptens (e.g. blotin, digoxigenin, dinitro benzoic 
acid) may suitebly be applied. In the case of fluorescent labels, the hybrids formed rtiay be 

30 visualised using a microscope with a magnification of at least x 250, preferably x 1000. The 
visualisation may further be carried out using a CCD (charge coupled de>^ce) camera 
optionally controlled by a computer. When haptens are used as labels, the hybrids may be 
detected using an antibody conjugated with an enzyme. In these cases, the detection step 
may be based on colorimetry, fluorescence or luminescence. 

35 

This probes may alternatively be labelled with fluorescent particles having the fluorescent label 
embedded in the partidiss (e.g. Estapor K coloured microspheres), located on the surfece of 
the particles and/or coupled to the surfaces of the particles. As the particles have to come into 
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contact with the target nucleic acids within the cells, the use of fluorescent particles may 
necessitate pretreatment of the bacteria. Relatively small particles e.g. about 20 nm may 
suitable be used. 

5 In another in situ hybridisation embodiment, frozen tissue or biopsy samples are cut into thin 
sections and transfened to a substantially planar suriiace, preferably microscope slides. Prior 
to hybridisation, the tissue or biopsy may be treated with a fixafive. preferably a precipitating 
fixative such as acetone, or the sample is Incubated in a solution of buffered fbmialdehyde. 
Alternatively, the biopsy or tissue section can be transferred to a fixative such as buffered 

10 formaldehyde for 12 to 24 hours and following fixation, the tissue may be embedded in paraffin 
forming a block from which thin sections can be cut Prior to hybridisation, the tissue section is 
dewaxed and rehydrated using standard procedures. Pemieabilisation (e.g. treatment with 
protfeases, diluted acids, detergents, alcohol and/or heat) may in some cases be 
advantageous. The selected method for pertneabilisation depends on several factore. for 

15 Instance on the fixative used, the extent of fixation, the type and size of sample, and on the 
applied probe. For these types of samples, sdmple processing, prehybridisation, hybridisation, 
washing and visualisation may be canied out using same or adjusted conditions as described 
above. 

20 In a further embodiment of the in situ assays, the bacterial cells are kept in suspension during 
fixation, prehybridisation. hybridisation and washing are cam'ed out under the same or similar 
conditions as described above. The prefen-ed type of label for this embodiment is fluorescent 
labels. This allows detection of hybridised cells by flow cytometry, recording the intensity of 
fluorescence per cell. Bacterial cells in suspension may further be coupled to particles, 

25 preferably with a size of from 20 nm to 10 |jm. The particles may be made of materials welf- 
known in the art like latex, dextran. cellutose and/or agarose, and may optionally be 
paramagnetic or contain a fluorescent label. Nonnally, bacterial ceUs are couple to particles 
using antibodies against the target bacteria, but other means like molecular imprinting may 
also be used. Coupling of the bacterial cells to particles may be advantageous in sample 

30 handling and/br during detectfon. 

In the embodiments of in situ hybridisation described above, the probes according to the 
invention are used for detecting a target sequence of one or more mycobacteria. In a 
prefenred embodiment, the probes are suitable for detecting a target sequence of 
35 mycobacteria of the Mycobacterium tuberculosis Complex (MTC), mycobacteria other than the 
Mycobacterium tuberculosis Complex (MOTT), or mycobacteria of the Mycobacterium avium 
Complex (MAC). The probes are further suitable for detecting simultaneously different target 
sequences originating from the same mycobacteria. 
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Samples to be analysed using in vltro-based assays need to undergo a treatment by which the 
nucleic acids are released from the bacterial cells. Nucleic acids may be released using 
organic solvents, strong diaotropic reagents such as high concentrations of guanidihe 
5 thiocyanate. enzymes, bead beating, heating, sonication and/or apj3lication of a French press. 
The obtained nucleic acids may undergo additional purification prior to hybridisation. 

In one in vitro hybridisation embodiment, the sample comprising the target nucleic add is 
added to a container comprising immobilised capture probe(s) and one or more probe(s) 

10 labelled to function as detector probe(s). The hybridisation should be perfonned under suitable 
stringency conditions. The hybridisation solution may further comprise a denaturing agent, 
blocking probes, inert polymers, detergents and salt as described for the In situ-type assays. 
Lilcewise, the hybridisation temperature, probe concentration and hybridisation time are 
important parameters that need to be controlled according to the specific conditions of the 

15 assay, e.g. choice of peptide nucleic acid probe(s) and concentration of some of the 

ingredients of the hybridisation buffer. If hybridisation of the target nucleic acid to the capture 
prdbe(s) and detector probe(s), respectively, is perfonned in two separate steps, different 
parameters, in particular different stringency conditions, may be used in these steps. The 
concentration of the capture probe may be higher for in situ assays as hybridisation may be 

20 controlled better and washing can be perfonned more efficiently. 

The capture probes may be immobilised onto a solid support by any means, e.g. by a coupling 
reaction between a carboxylic acid on a linlcer and an amino derivatised support The capture 
probe may further l3e coupled onto the solid support by photochemical activation of 
25 photoreactive groups which have been attached absorptively to the solid support prior to 
photochemical activation. Such photoreactive groups are described in the US 5 316 784 A. 
The capture probes may further be coupled to a hapten which allows an affinity based 
imnrK>bifisation to the solid support One such example is coupling of a biotin to the probe(s) 
and immobilisation via binding to a steptavidin-coated surface. 

30 

The solid support may take a wide variety of fomis well-known in the art, such as a microtiter 
plate having one or more wells, a filter membrane, a polymer membrane, a tube, a dip stick, a 
strip and particles. Filter membranes may be made of cellulose, celluloseacetate. 
polyvinylidene fluoride or any other materials well-known in the art The polymer membranes 
35 may be of polystyrene, nylon, polypropylene or any other materials well known in the art. 
Particles may be paramagnetic beads, beads made of polystyrene, polypropylene, 
polyethylene, dextran, nylon, amyloses. celluloses, polyacrylamides and agarose. When the 
solid support has the fomfi of a filter, a membrane, a strip or beads, it (they) may be 
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incorporated into a single-use device. 

The selection of the label of the detector prot)e(s) depend on the specific assay format and 
possible instrumentation. When biotin labelled probes are used, the hybrids may be detected 
using streptavidifi or an antibody against the biotin label which antibody or streptavidin may be 
conjugated with ah enzyme and the actual detection depend on the choice of the specific 
enzyme, preferably a phosphatase or a peroxidase, and ttie substrate for the selected 
enzyme. The signal may in some cases be enhanced using comnnercialiy available 
amplification systems such as the catalysed signal amplification system for biotinylates probes 
(CSA by DAKO). Various polymer-based enhancement systems may also be used. An 
example is a dextran polymer to which both a hapten specific antibody and an enzyme is 
coupled. The detector probe(s) may further be labelled witii other haptens, e.g. digoxigenin. 
dinitro benzoic add and fluorescein, in which case the hybrids may be detected using an 
antibody against ttie hapten which antibody may be conjugated with an enzyme. It is even 
possible to apply detector probe(s) which have enzymes coupled directly onto the probes. 
There are a wide range of possibilities for selection of enzyme substiBtes allowing for 
colourimetric (substrates e.g. p-nitro-phenyl phosphate or tetra-mettiyl-benzidine), fluorogenic 
(substrates e.g. 4-metiiyIumbllIifeiylphosphate) or chemiluminescent (substrates e.g. 1,2- 
didxetenes) detection. 

The detector probes may further be labelled with various fluorescent labels, preferably 
fluorescein or rhodamine, in which case the hybrids may be detected by measuring the 
fluorescence. 

The detector probe(s) will typically be different from ttie capture probe(s). thus ensuring dual 
species specificity. The dual specificity will most often allow at least one of the probes to be 
shorter, e.g. a 10 mer probe. 

Furthennore, tfie capture of purine rich sequences may be improved by utilising bis-peptide 
nucleic acids as capture probes. Such bis-peptide nucleic acids are described in WO 
96/02558. The bis-peptide nucleic acids cdniprise a first peptide nucleic acid strand capable of 
hybridising in parallel ^shion to the target nucleic acid, and a second peptide nucleic acid 
strand capable of hybridising in antiparallel feshion to the purine rich sequence of the nucleic 
acid to be captured. The two peptide nucleic acid strands are connected by a linker and are In 
this way capable of forming a triplex structure with said purine rich sequence nucleic acid. The 
number of polymerised moieti'es of each linker*separated peptide nucleic acid may be as 
previously defined for non-bis-pepb'de nucleic acids. However, due to ttie high stebllity of the 
triplexes formed, bis-peptide nucleic acids with short first and second strands can be used 
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making the design of a pyhmidine rich probe easier. 

Instead of using a detector probe, capture probe: nucleic acid complexes may be detected 
using a detection system based on an antibody reacting specifically with complexes formed 
5 between peptide nucleic acids and nucleic acids (such as described in WO 95/17430), In 
which detection system the primary antibody may comprise a label, or which detection system 
comprises a labelled secondary antibody, which specifically binds to the primary antibody. The 
specific detection again depends on the selected substrate which may be of any type of those 
mentioned above. 

10 

Depending on the type of specific assay format, label and detection principle various types of 
instrumentation may be used including conventional micrbplate readers, luminometers and 
flow cytometers. Adaptation of adequate instrumentation may allow for automaBsation of the 
assay. 

15 

In an example of this embodiment a capture probe of the present invention is coupled to a 
microtiter plate by a photochemical reaction between antraquinon-labelled capture probe and 
polystyrene of the micrdwell. Tariget rRNA is added to the microwells and incubated under 
stringent conditldns. Unbound riRNA is removed by washing and the microwell are Incubated 
20 with a hapten-labelled detector probe under stringent conditions. The visualisation Is carried 
out using an enzyme-labelled antibody against the hapten, which after removal of unbound 
antibody is detected using a chemiluminescence substrate. 

In another example of this embodiment capture probes are coupled to latex particles, and 
26 hybridisation is earned out under suitable conditions In the presence of e.g. fluorescein 

labelled detector probe(s). After hybridisation and optionally washing, the hybrids are detected 
by flow cytometry. A range of different beads (e.g. by size or colours) nriay carry different 
capture probes for different targets, thus allowing a multiple detection system. 

30 In a further embodiment of the in vitro assays fonmat. the capture probe, the terget nucleic 
acid and the detector probe may hybridise in solution, and subsequently the capture probe is 
attached to a solid phase. The solid phase, the hybridisation conditions and means of 
detection may be selected according to the specific method as described above. 

35 In a further embodiment of in vitro assays, the target nucleic acid may be immobilised onto 
filter or polymer membranes or other types of solid phases well-known in the art The 
hybridisation conditions and means of detection may be selected according to the specific set- 
up as described above. 



W09R/15648 



31 



PCT/DK97/0a425 



In a further embodiment of the in vitro assay, an array of up to 100 or even more different 
probes directed against different target sequences may be immobilised onto a solid surface 
and hybridisation of the tarjget sequences to all the probes is canled out simultaneously, the 
solid phase, the hybridisation conditions and means of detection may be as described above. 
This allow for simul&neous detection or identification of a range of parameters. I.e. species 
identification and resistance pattems. 

The present probes further provide a method of diagnosing infection by mycobacteria and a 
method for determining the stage of the infection and the appropriate treatment by which 
methods one or more optionally labelled probes according to the invention are brought into 
contact with a patient sample and the type of treatment and/or the effect of a treatment is (are) 
evaluated. 



Kits comprising at least one peptide nucleic add probe as defined herein are also part of the 
present invention. Such kit may further comprise a detection system with at feast one 
detecting reagent and/or a solid phase capture system. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Examples of suitable Qs of adjacent moieties are given below. Peptide nucleic acid probes 
comprising such Qs will be suitable for detecting mycobacteria, in particular mycobacteria of 
the MTC group or mycobacteria other than mycobacteria of the MTC group. The probes are 
written from left to right corresponding to from the N-tenninal end towards the C-temiinal end. 
Suitable Q subsequences for detecting 23S and 16S rRNA as well as 5S rRNA of the MTC 
group are given below. Suitable Q subsequences for detecting 23S and 16S rRNA of 
mycobacteria other than n^cobacteria of the MTC group are further given below. The Q 
subsequences include at least one nucleobase complementary to a nucleobase selected Arom 
the positions given in parenthesis. The Q subsequences are given ds non-limiting examples of 
construction of suitable probe nucleobase sequences. It is to be understood that the probes 
may comprise fewer or more peptide nucleic acid moieties than indicated. 



MTC group (23S) 

AGA TGC GGG TAG GAG (selected from positions 149-158 in Figure 1A), (Seq ID no 1) 

TGT TTT CTC CTC OTA (selected from positions 220-221 in Figure 1 A). (Seq ID no 2) 
ACT GCC TGT GAG GGG (selected from positions 328-361 in 

Figure 1 A and Figure 1 B), (Seq ID no 3} 

TGA TAG TAG GGA GGT (selected from positions 453-455 In Figure 1 B). (Seq ID no 4) 

GGG ATT GAG AGG GGA (selected from positions 490-501 In Figure IB). (Seq ID no 5) 
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TCA CCA CCC TCC TCC (selected from positions 637^60 in Figure 1C), (Seq ID no 6) 
CCA CCC TCC TCC (selected from positions 637^0 In Figure 1C) (modified Seq ID no 6) 

TTA ACC TTG CGA CAT (selected from positions 706-712 In Figure 1 D), (Seq ID no 7) 

ACT Atr CAC ACQ CGC (selected from positions 762-789 in Figure 1 D), (Seq ID no 8) 

CTC CGC GGT GAA CCA (selected from position 989 In Figure 1 D), (Seq ID no 9) 

GCT TTA CAC CAC GGC (selected from positions 1088-1 072 in Figure 1 E). (Seq ID no 1 0) 

ACQ err GGG GGC CTT (selected from position 1148 in Figure IE), (Seq ID no 11) 

CCA CAC CCA CCA CAA (selected from positions 131M329 In Figure IE). (Seq ID no M) 

CCG GTG GCT TCG CTG (selected from positions 136M364 In Figure IF), (Seq ID no 13) 

ACT TGC CTT GTC GCT (selected from position 141 8 in Figure 1 F). (Seq ID no 14) 

GAT TCG TCA CGG GCG (selected from positions 1563-1570 in Figure IF), (Seq ID no 15) 

AAC TCC ACA CCC CCG (selected from positions 1627-1638 in Figure 1G), (Seq ID no 16) 

ACT CCA CAC CCC CGA (selected from positions 1627-1638 In Figure 1G). (Seq ID no 17) 

ACC CCT TCG CTT GAC (selected from positions 1675-1677 In Figure 1G). (Seq ID no 18) 

CTT GCC CCA GTG TTA (selected from position 1718 in Rgure 1G), (Seq ID no 19) 

CTC TCC CTA CCG GCT (selected from positions 1 734-1740 In Figure 1 H), (Seq ID no 20) 

GAT ATT CCG GTC CCC (selected from positions 1967-1976 In Figure 1H). (Seq ID no 21) 

ACT CCG CCC CAA CTG (selected from positions 2403-2420 in Figure 1 H). (Seq ID no 22) 

CTG TCC CTA AAC CCG (selected from positions 2457-2488 In Figure 1 1), (Seq ID no 23) 

TTG GAG GTT AGA TGC (selected firom positions 2457-2488 in Figure 1 1). (Seq ID no 24) 

GTC CCT AAA CCC GAT (selected from positions 2457-2488 In Figure 1 1), (Seq ID no 25) 

GGT GCA CCA GAG GTT (selected from positions 2952-2956 in Figure 1 1), (Seq ID no 26) 

CTG GGG GGA CAA CTG (selected from positions 2966-2969 In Figure 1J), (Seq ID no 27) 

TTA TCC TGA CCG AAC (selected from positions 3000-3003 In Figure 1 J). (Seq ID no 28) 

GAC CTA TTG AAC CCG (selected from positions 3097-3106 in Figure 1 J). (Seq ID no 29) 

MTC group (16S) 

GAA GAG ACC TTT CCG (selected from positions 76-79 in Figure 2A), (Seq ID no 30) 

CAC TCG AGT ATC TCC (selected from positions 98-101 in Figure 2A), (Seq ID no 31) 

ATC ACC CAC GTG TTA (selected from positions 1 36-1 36 in Figure 2A). (Seq ID no 32) 

GCA TCC CGT GGT CCT (selected from positions 194-201 In Figure 2B). (Seq ID no 33) 

CAC AAG ACA TGC ATC (selected from positions 194-201 In Figure 2B), (Seq ID no 34) 

TAA AGC GCT TTC CAC (selected from positions 222-229 in Figure 2B). (Seq ID no 36) 

GCT CAT CCC ACA CCG (selected from position 242 In Figure 2B), (Seq ID no 36) 

CCG AGA GAA CCC GGA (selected from position 474 in Figure 2C), (Seq ID no 37) 

AGT CCC CAC CAT TAC (selected from positions 1 136-1145 In Figure 2C). (Seq ID no 38) 

AAC CTC GCG GCA TCG (selected from positions 1271-1272 in Figure 2C). (Seq ID no 39) 

GGC TTT TAA GGA TTC (selected from positions 1287-1292 In Figure 2D), (Seq ID no 40) 

GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D). (Seq ID no 41) 

CCG ACT TCA CGG GGT (selected from position 1334 In Figure 2D). (Seq ID no 42) 



MTC group (5S) 
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CGG AGG GGC AGT ATC (selected from positions 86-90 in Figure 3), (Seq 10 no 43) 
Mycobacteria ddier than those of the MTC group (23S) 

GAT CAA TGC TCG GTT (selected from positions 99-1 01 in Figure 4A). (Seq ID no 44) 

5 TTC CCC GCG TTA CCT (selected from position 183 in Figure 4A), (Seq ID no 46) 

TTA GCC TGT TCC GGT (selected from positions 261-271 In Figure 4A). (Seq ID no 46) 

GGA TGC GGT TTA GCC (selected from positions 281-284 in Figure 4B). (Seq ID no 47) 

TAG COG GTT GTC CAT (selected from posHions 290-293 In Figure 4B), (Seq ID no 48) 
GTA GAG CTG AGA CAT (selected from positions 327-335 and 

10 343-357 in Figure 4B), (Seq ID no 49) 
GCC GTC CCA GGC CAC (selected from postttons 400-405 in 

Figure 48 and Figure 4C), (Seq ID no 50) 

CTC GGG TGT TGA TAT (selected from positions 453-462 In Figure 4C). (Seq ID no 51 ) 

ACT ATT TCA CTC CCT (selected from positions 587-599 in Figure 4C), (Seq ID no 52) 

15 ACG CCiA TCA C<iC CAC (selected ffom positions 637-660 in Figure 4D). (Seq ID no 63) 

CGA CGT GTC CCT GAC (selected friom positions 704-712 in Figure 40). (Seq 10 no 54) 

ACT ACA CCC CAA AGG (selected from positions 763-789 in Figure 4E), (Seq ID no 55) 

CAC GCT TTT ACA CCA (selected from positions 1060-1074 in Figure 4E), (Seq ID no 56) 

GCG ACT AGA CAT CCT (selected from positions 1 177-1 185 In Figure 4E), (Seq ID no 57) 

' 20 CGG CGC ATA ATC ACT (selected from positions 1259-1265 in Figure 4E). (Seq ID no 58) 

CCA CAT CCA CCG TAA (selected from positions 131 M327 in Figure 4F), (Seq ID no 59) 

CGC TGA ATG GGG GAC (selected from positions 1345-1348 In Figure 4F). (Seq ID no 60) 

GGA GCT TCG CTG AAT (selected from positions 1 361-1364 in Figure 4G). (Seq ID no 61) 

CGG TCA CCC GGA GCT (selected from positions 1361-1364 in Figure 4G). (Seq ID no 62) 

25 GGA CGC CCA TAC ACG (selected from positions 1556-1570 in Figure 4G). (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-1613 In Figure 4H), (Seq ID no 64) 

AAT CGC CAC GCC CCC (selected from positions 1626-1638 In Figure 4H), (Seq ID no 65) 

CAG CGA AGG TCC CAC (selected from positions 1651-1659 in Figure 4H), (Seq ID no 66) 

GTC ACC CCA TTG CTT (selected from positions 1675-1677 In Figure 4H). (Seq ID no 67) 

30 ATC GCT CTC TAC GGG (selected from positions 1734-1741 in Figure 4H). (Seq ID no 68) 

6TG TAT GTG CTC GCT (selected from positions 1847-1853 in Figure 41). (Seq ID no 69) 

ACG GTA TTC CGG GCC (selected from positions 1967-1976 in Figure 41). (Seq ID no 70) 

GGC CGA ATC CCG CTC (selected from positions 2006-2010 In Figure 40. (Seq ID no 71) 

AAA CAG TCG CTA CCC (selected from positions 2026-2027 in Figure 41), (Seq ID no 72) 

35 CCT TAC GGG TTA ACG (selected frx)m positions 21 31-21 32 in Figure 4J), (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 in Figure 4J), (Seq ID no 74) 
TGG CGT CTG TGC TTC (selected from positions 2396-2405 In 

Figure 4J and Figure 4K), (Seq id no 75) 

CGA CTC CAC ACA AAC (selected from positions 241 6-2420 in Figure 4K). (Seq ID no 76) 

40 GAT AAG GGT TCG ACG (selected from positions 2474-2478 in Figure 4K). (Seq ID no 77) 

ATC CGT TGA GTG ACA (selected from position 2687 in Figure 4K), (Seq ID no 78) 

CAG CCC GTT ATC CCC (selected from position 271 9 in Figure 4K). (Seq ID no 79) 
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AAC CTT TGG GAC CTG (selected from position 2809 in Figure 4L). (Seq ID no 80) 

TAA AAG GGT GAG AAA (selected from positions 3082-^068 in Figure 4L), (Seq ID no 81 ) 

GTC TGG CCT ATC AAT (selected from positions 3097-3106 in Figure 4L). (Seq ID no 82) 

5 Mycobacteria other then those of the MTC group (16S) 

AGA TTG CCC ACG TGT (selected from positions 1 35-1 36 in Figure 6A), (Seq ID no 83) 

AAT CCG AGA AAA CCC (selected from positions 472-475 In Figure 5A), (Seq ID no 84) 

GCA TtA CCC GCT GGC (selected from positions 1136-1144 in Figure 5A). (Seq ID no 85) 

TTA AAA GGA TTC GCT (selected from positions 1287-1292 in Figure 5B). (Seq ID no 86) 

10 AGA CCC CAATCC GAA (selected from position 1313 in Figure 6B). (Seq ID no 87) 

(SAC TCC GAC TTC ATG (selected from position 1334 in Figure 6B), (Seq ID no 88) 

Drug resistance 

23^rnediated rnacrolide resistance (M, avium) 

1 6 GTC TTT TCG TCC TGC (wild-type) (selected from positions 2568-2569 

in Figure 6), (Seq ID no 89) 

GTC TTA TCG TCC TGC (selected from positions 2568 In Figure 6). (Seq ID no 90) 

GTC TTC TCG TCC TGC (selected from positions 2668 in Figure 6), (Seq ID no 91) 

GTC TTG TCG TCC TGC (selected from positions 2568 in Figure 6). (Seq ID no 92) 

20 GTC TAT TCG TCC TGC (selected from positions 2568 In Figure 6), (Seq ID no 93) 

GTC TCT TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 94) 

GTC TGT TCG TCC TGC (selected from positions 2568 in Figure 6). (Seq ID no 95) 

ids-mediated streptomycin resistance (M. tuberculosis) 

25 TTG GCC GGT GCT TCT (wild-type) (selected from positions 452 in Figure 7). (Seq ID no 96) 

TTG GCC GGT ACT TCT (selected from positions 452 in Figure 7), (Seq ID no 97) 

TTG GCC GGT CCT TCT (selected from positions 452 in Figure 7). (Seq ID no 98) 

TTG GCC GGT TCT TCT (selected from positions 452 in Figure 7), (Seq ID no 99) 
ACC GCG GCT GCT GGC (wild-type) (selected from positions 473-477 

30 in Figure 7). (Seq ID no 100) 

ACC GCG GCT ACT GGC (selected from positions 473 in Figure 7). (Seq ID no 101) 

ACC GCG GCT CCT GGC (selected from positions 473 in Figure 7). or (Seq ID no 102) 

ACC GCG GCT TCT GGC (selected from positions 473 in Figure 7). (Seq iD no 103) 

CGG CAG CTG GCA CGT (selected from positions 474 in Rgure 7). (Seq ID no 1 04) 

35 CGG CCG CTG GCA CGT (selected from positions 474 In Figure 7). (Seq ID no 105) 

CGG CTG CTG GCA CGT (selected from positions 474 in Figure 7), (Seq ID no 106) 

CGT ATT ACC GCA GCT (selected from positions 477 in Figure 7), (Seq ID no 107) 

CGT ATT ACC GCC GCH* (selected from positions 477 in Figure 7), (Seq ID no 108) 

CGT ATT ACC GCT GCT (selected from positions 477 in Figure 7), (Seq ID no 109) 

40 TTC CTT TGA GTT TTA (wild-type) (selected from positions 865-866 in Rgure 7), (Seq ID no 1 1 0) 

TTC CTT TAA GTT TTA (selected from positions 865 in Figure 7), (Seq ID no 1 11) 

TTC CTT TCA GTT TTA (selected from positions 865 in Figure 7), (Seq ID no 1 12) 
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TTC CTT TTA GTT TTA (selected from positions 865 in Figure 7). 
TTC CTT AGA GTT TTA (selected from positions 866 in Figure 7). 
TTC CTT CGA GTT TTA (selected from positions 866 fn Rgure 7). 
TTC CTT GGA GTT TTA (selected from positions 866 in Figure 7), 



(Seq ID no 113) 
(Seq ID no 114) 
(Seq ID no 115) 
(Seq ID no 116) 



5 



Other exannples of suitable Q subsequences are given below. 



CAT GTG TCC TGT GGT and 



(Seq ID no 117) 
(Seq ID no 118) 



CGT CAG CCC GAG AAA 



10 selected so as to be complementary to M. gordonae IBS rRNA (positions 174-188 and 452- 
466, respectively, of GenBanIc entry GB:MSGRR16SI, accession no. M29563). These 
positions correspond to positions 192-206 and 473-487, respectively, of the alignments shown 
in Figure 2 and 5. Probes hdving tills or a simitar nucleobase sequence are suitable for 
detecting M. gordonae. 



selected so as to be complementary to positions 781-795 and 2369-2383. respectively, of 1^. 
kansasii 23S rRNA (GenBank entry MK23SRRNA accession number 217212). These 
20 positions correspond to positions 774-794 and 2398-2412, respectively, of the alignments 
shown in Figure 1 and 4. Probes having this or a similar nucleobase sequence are suitable for 
detecting M. kansasii. 

Precursor rRNA 

25 AAC ACT CCC TTT GGA (Seq ID no 123) 

A peptide nucleic acid probe having tiie above-indicated nucleobase sequence is directed to 
M. tubiarculosis precursor rRNA. The probe is complementary to positions 602 to 616 of 
GenBank accession number X58890. 

30 

Especially, probes based oh those nucleobase sequences with sequence identification 
numbers Seq ID no 62, 79 and 80 (and other probes selected from positions 1361-1364 in 
Figure 1F. 2719 in Figure 4K and 2809 in Figure 4L) are suitable for detecting M. avium. 
Probes based on the nucleobase sequence with sequence identification number Seq ID no 55 
35 (and other probes selected from positions 763-789 in Figure 4E) are suitable for detecting M. 
avium, M. intracellulare and M. scrofulaceum as a group (the organisms termed the MAIS 
group of mycobacteria). In addition, probes based on the nucleobase sequences with 
sequence identification numbers Seq ID no 77 and 81 are suitable tor detecting M. avium, M. 
intracellulare and M. paratuberculosis as a group. 



15 



CAC TAC ACA CGC TCG. and 
TGG CGT TGA GGT TTC 



(Seq ID no 119) 
(Seq ID no 120) 
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The invention is further illustrated by the non-limiting exaniples given below. 

EXAMPLES 

EXAMPLE 1 

Mycobacterium species (M. bovis and M. intracellulare) 23S rDNA were partly amplified by 
PGR, and the PGR products were sequenced (both strands) using Gy5-labelled 
oligonucleotide primers (DMA Technology, Aarhus, Denmark) and the 7-dea2a-dGTP Thermo 
Sequenase cycle sequencing kit from Amersham. Little Chalfbnt, England. Sequences were 
read using an ALFexpress automated sequencer and ALFwin (version 1.10) software from 
Pharmacia Biotech, Uppsala, Sweden. M. bovis and M. intracellulare 23S rRNA sequences 
are included at the following positions of the 23S rDNA sequence alignments: positions 681- 
729 (Figures 1C arid 4D), positions 761-800 (Figures 1D and 4E), positions 2401-2440 
(Figures 1H and 4K). positions 2441-2480 (Figures II and 4K). positions 2481-2520 (Figure 
11). piositlons 3041-3080 (Figure 4L). and positions 3081-3120 (Figures 1 J and 4L). 

EXAMPLE 2 

Sequence alignments (see Figures 1 to 5) of 23S. 1 6S and 5S rDNA of mycobacteria of the 
MTC group, and 23S and 16S rDNA of mycobacteria other than those of the MTC group 
(MOTT) were done using the Megaiign (version 3.12) alignment tool from DNASTAR 
(Madison, Wl. USA). Up to one hundred sequences were aligned at a time. 

Peptide nucleic add probes in which the nucleobase sequence was complementary to 
distinctive mycobacterial rRNA were designed with due regard to secondary structures using 
the PrimerSelect program (version 3.04) from DNASTAR. As a control of sequence specificity, 
all probe sequences were subsequently rhatched with the GenBank and EMBL databases 
using BLAST sequence similarity searching at the National Center for Biotechnology 
Ihfomnation (http://www.ncbi.nlm.nih.gov). 

As examples, the folbwing sequences were selected: 



MTC 23S 



TCA CCA CCC TCC TCC 
CCACCCTCCTCC 



(Seq ID no 6) 
(modified Seq ID no 6) 



ACTATTCACACG CGC 
CCACAC CCA CCACAA 



(Seq ID no 8) 
(Seq ID ho 12) 
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AAC TCC ACA CCC CCG (Seq ID no 16) 

ACT CCA CAC CCC CGA (Seq ID no 17) 

ACT CCG CCC CAA CTG (Seq ID no 22) 

CTG TCC CTA AAC CCG (Seq |D no 23) 

5 TTCGAGGTTAGATGC (Seq ID no 24) 

GTCCCTAAACCCGAT (Seq ID no 25) 

GAC CTA TTG AAC CCG (Seq |D no 29) 

nATCies 

10 GCATCCCGTGGTCCT (Seq ID no 33) 

CAC AAG ACA TGC ATC (Seq ID no 34) 

GGCTTTTAAGGATTC (Seq ID no 40) 

MdTT23S 

15 GATCAATGCTCGGTT (Seq ID no 44) 

CGA etc CAC ACA AAC (Seq ID no 76) 

M0TT16S 

GCATTACCCGCTGGC (S^qlDnoS^ 

20 

Drug resistance 

GTC TTA ted TCC TiGC (Seq ID no 90) 

GTCTTCtCGTCCTGC (Seq ID no 91) 

GTC TTG TCG TCC TGC (Seq ID no 92) 

25 GTC TAT TCG TCC TGC (Seq ID no 93) 

GTC TCT TCG TCC TGC (Seq ID no 94) 

GTC TGT TCG TCC TGC (Seq ID no 95) 

Prefcursor rRNA 

30 AAC ACT CCC TTT GGA (Seq ID no 123) 
Noh*sense probes 

GTC CGT GAA CCC GAT (Seq ID no 121) 

tAC GCT CTT TGA GCT (Seq ID no 122) 

35 

EXAMPLE 3 



Peptide nucleic acid probes were synthesised using an Expedite 8909 Nucleic Acid Synthesis 
System purchased from PerSeptive Biosystems (Framlngham. USA). The peptide nucleic acid 
40 probes were terminated with two p-alanine molecules or with one or two lysine molecule(s) 
and, before cleavage fix>m the resin, labelled with 5-(or 6)-carboxyfluorescein (Flu) or 
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rtiodamine (Rho) at the p-amino group of alanine (peptide label) ore-amino group of lysine 
(peptide label), respectively. Probes were purified using reverse phase HPLC at 60°C and 
characterised using a G2025 A MALDI-TOF MS Instrument (Hewlett Packard. San Fernando, 
California, USA). Molecular weights detemriined were within 0.1% of the calculated molecular 
5 weights. 



The following labelled peptide nucleic acid probes were synthesised: 



MtC23S 

10 Lys(Flu)-Lys(Flu)-TCA CCA CCC TCC TCC-NHa 
Lys(Flu)-Lys{Fiu).CCA CCC TCC TCC-NHj 
Lys(Ru)-Lys(FIu)-ACT ATT CAC ACG CGC-NHj 
Lys(Flu)-ACT ATT CAC ACG CGC-NH2 
Lys(Flu)-Lys(Flu)-CCA CAC CCA CCA CAA-NHj 

15 Lys{Ru)-Ly8(Flu)-AAC f CC ACA CCC CCG-NHj 
Lys(Flu)-Lys(Flu)-ACT CCA CAC CCC CGA-NHj 
Lys(Flu)-Lys(Flu)-ACt CCG CCC CAA CTG-NHj 
Lys(Flu).Lys(Flu)-CTG TCC CTA AAC CCG-NHj 
Lys(Ru).Lys(Flu)-TTC GAG GTT AGA TGC-NHj 

20 Lys(Ru)-TTC GAG GTT AGA TGC-NH^ 

Lys(Flu)-Lys(Flu)-GTC CCT AAA CCC GAT-NHj 
Lys(Flu)-GTC CCT AAA CCC GAT-NH2 
Lys(Ru)-GAC CTA TTG AAC CCG-NH2 



(OK 446/modtffed Seq ID no 6) 
(OK 575/modified Seq ID no 6) 
(OK 447/modlfieid Seq ID no 8) 
(OK 688/modified Seq ID no 8) 
(OK 448/modrfied Seq ID no 12) 
(OK 449/modified Seq ID no 16) 
(OK 309/modtfied Seq ID no 17) 
(OK 450/modlfied Seq ID no 22) 
(OK 305/modifled Seq ID no 23) 
(OK 306/modified Seq ID no 24) 
(OK 682/mod(fied Seq ID no 24) 
(OK 307/niodlfied Seq ID no 25) 
(OK 654/modlfied Seq ID no 25) 
(OK 680/modified Seq ID no 29) 



25 MTC 168 

Lys(Flu)-Lys(Flu)-Gly-GCA TCCCGT GGT CCT-NHj 
Lys(Flu)-Lys(Flu)-CAC AAG ACA TGC ATC-NHj 
Lys(Flu)>CAC AAG ACA TGC ATC-NHj 
Lys(Flu)-GGC TTT TAA GGA TTC-NHj 
30 Lys(Rho)-GGC TTT TAA GGA TTC-NHj 



(OK 223/modlfied Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655/modifled Seq ID no 34) 
(OK 689/modifled Seq ID no 40) 
(OK 702/mQdified Seq ID no 40) 



35 



MOTT23S 

Ru-p-Aia-p-Ala-GAT CAA TGC TCG GTT-NH2 
Flu-p-Ala-p-AIa-CGA CTC CAC ACA AAC-NHj 

M0TT16S 

Ru-p-Ala-p-Ala-GCA TTA CCC GOT GGC-NH2 



(OK 624/modified Seq ID no 44) 
(OK 612/modlfied Seq ID no 76) 



(OK623/iT!0dified Seq ID no 65) 



40 



Drug resistance 

Lys(Flu)-GTC TTT TCG TCC TGC-NHj 
Lys(Rho)-GTC TTA TCG TCC TGC-NHj 



(OK 745/modified Seq ID no 89) 
(OK 746/modffied Seq ID no 90) 
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Lys(Rho)-GTC TTC TCG TCC TGC-NHj 
Ly8{Rho)-GTC TTG TCG TCG TGONHj 
Ly8(Rho)-GTC TAT TCG TCC TGC-NH^ 
Lys<Rho)-GTC TCT TCG TCC TGC-NH2 



(OK 746/modified Seq ID no 91) 
(OK 746/modified Seq ID no 92} 
(OK 747/modifi8d Seq ID no 93) 
(OK 747/modified Seq ID no 94) 
(OK 747/modified Seq ID no 95) 



5 Lys(Rho)-GTC TGIT TCG TCC TGC-NH, 



Precursor rRNA 



Lys(Fiu)-AAC ACT CCC TTT GGA-NHz 



(OK 749/modlfied Seq ID no 123) 



Reduction of non-specific binding 
GtC CGT GAA CCC GAT-NHj 
Gly-TAC GOT CTT TGA GCT-NHj 



(OK 507/htodlfied Seq fD no 121) 
(OK 714/modified Seq ID no 122) 



16 



20 



25 



30 



EXAMPLE 4 

Initially the ability of the peptide nucleic acid probes to react with target sequences of 
mycobacterial rRNA was tested by dot blot carried out with rRNA from M. bovis BOG. M. 
avium and E.coli. 

M. bovis BCG {Sfatens Serum Institut, Denmark) and M. intracellulare (kindly provided by 
Statens Serum Institut) were grown in Dubos broth (Statens Serum Institut) or on Ldwenstein- 
Jensen slants (Statens Serum Institut) at 37 ""C. RNA was isolated from the bacterial ceils 
using TRI-reagent (Sigma) following manufacture's directions. E coli rRNA was purchased 
from Boehringer i\Aannheim, Gennany. 

200 ng M. bovis RNA, M. intracellulare RNA and E. coli rRNA were dotted onto membranes 
(Schleicher & SchQei, NY 13 N). and the membranes were dried and fixed under UV light for 2 
minutes. 

Protocol for dot blot assay 

Each of the probes (70 nM probe in hybridisation solution (50 mlW Tris. 10 mM NaCI, 10% 
(w/v) Dextran sulphate, 50% (v/v) glycerol, 5 mM EDTA. 0.1% (w/v) sodium pyrophosphate, 
0.2% (w/v) polyvinylpynrolidone, 0,2% (w/v) Ficoll, pH 7.6.)) were spotted onto a nnembrane. 
Hybridisation vtias continued for 1.5 hours at 55 or 65 **C, respectively. The membranes were 
rinsed 2 times for 15 minutes it\2x SSPE buffer (1 x SSPE: 0.15 M NaCI, 10 mM sodium 
phosphate, 1 mM EDTA, pH 7.4) containing 0.1% SDS at ambient temperature, and 
subsequently 2 times for 15 minutes in 0.1 x SSPE buffer containing 0.1% SDS at 55 or 65 °C 
(see Table 1). The membrane was blocked with 0.6% (w/v) casein dissolved in 0.5M NaCI, 
0.05M Tris/HCI pH 9.0. Thereafter, the membranes were incubated for 1 hour with rabbit-anti 
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FITC antibody labelled with alkaline phosphatase (AP) (DAKO K0046 vial A) diluted 1:2000 In 
0,6% casein dissolved in 0.5M NaCI, 0.05M Tris/HCI pH 9.0. After incubation, the membranes 
were washed 3 times 5 minutes with TST buffer (0.05M Tris, 0.5M NaCI, 0.5% (w/v) Tween 
20^ pH 9) at ambient tclmperature. Bound probes were visualised following standard 
5 procedures using BCIP/NBT. and the visualisation was stopped by incubation for 10 minutes 
with 10 mM EDTA. The blot was dried at 50 ^'C. 

The results are given in Table 1 below. 

10 TABLE 1 





E coll 


M. bbvis BCG 


M. intracellulare 




rRNA 


RNA 


RNA 


Probe 


55*»C 


65 ^'C 


55 °C 


65 ^•C 


55 


65 *»C 


OK 305 


negative 


negative 


positive 


positive 


negative 


weak 


OK 307 


negative 


negative 


positive 


positive 


negative 


weak 


OK 309 


negative 


negative 


positive 


positive 


negative 


weak 


OK 223 


negative 


negative 


positive 


positive 


nd 


nd 


OK 310 


negative 


negative 


negative 


positive 


negative 


negative 



nd: Not determined 



The results indicate that all five peptkfe nucleic add probes are capable of hybridising to target 
sequence of M. bovis BCG rRNA (as a repreisentative of the MTC group), whereas no 
1 5 hybridisation to E. coll rRNA (as a representative of organisms other than mycobacteria) and 
no detectable hybridisation to M. intracellulare rRNA were observed (as a representative of 
the MOrr group). 

EXAMPLE 5 

20 

this example Illustrates the ability of the peptide nucleic acid probes to penetrate the 
mycobacterial cell v\^ll and subsequently hybridise to target sequence of mycobacteria of the 
MTC group and not mycobacteria of the MOTT group, in particular not mycobacteria of the 
MAC group, or Neisseria gonorriioeae, by fluorescence in situ hybridisation (FISH). 

25 

Preparation of bacterial slides 

M. bovis BCG (Statens Seruminslitut. Denmari^), M. avium (kindly provided by Statens 
Seruminstitut, Dennr^rk), and M. intracellulare (kindly provided by Statens Serumlnstitut 
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Denmark) were grown in Dubos broth (Statens Seruminstitut, Denmark) or on LOwenstein- 
Jensen slants (Statens Semminstitut Denmark) at 37 ^C. N. gonontioeae (Statens 
Seruminstltut, Denmark) was grown on chocolate agar (Statens Seruminstitut, Denmark) at 37 
with additional 5% COj. 

5 

Cultures were smeared onto microscope slides and fixed according to standard procedures. 
Prior to the hybridisation, the smears were immersed into 80% ethanol for 15 minutes, and 
subsequently rinsed with water and air dried. This step is not essential for the following 
hybridisation step, but it is anticipated that it will kill any viable mycobacteria on the slides, and 
10 may further sen^e as an additional fixation step. 

Protocol for fluorescence in situ hybridisation (FISH) 

1 . The bacterial slide was covered witti a hybridisation solution containing tiie probe in 
question. 

1 5 2. The slide was incubated in a humid incubation chamber at 45*C or 55*C for 90 
minutes. 

3. The slide was washed 25 minutes at 45*'C or 55°C in prewanned wash solution (5 mM 
Tris, 145 mM NaCI. pH 10) followed by 30 seconds in water. 

4. the slide was dried and mounted with IIVIAGEN Mounting Fluid (DAKO, Copenhagen. 
20 Denmaric) 

The hybridisation solution contains 50 tr\M Tris, 10 mlVl NaCI, 10% (w/v) Dextran sulphate. 
30% (v/v) fbnnamide, 0.1% (v^ Triton X-IOO®, 5 mM EDTA, 0.1% (w/v) sodium 
pyrophosphate. 0.2% (w/v) polyvinylpyrrolidone. 0.2% (w/v) Ficoll. pH 7.6. 

25 

Whenever possible, the applied equipment was heat-treated, and solutions were exposed to 
l^i/ml diethyipyrocarbonate (Sigma Chemical Co.) in order to inactivate nucleases. 

Microscopically examinations were conducted using a fluorescence microscope (Leica, 
30 Wetzlar. Gemiany) equipped witti a 100x/1.20 water objective, a HB0 100 W lamp and a 
FITC filter set Mycobacteria were identified as fluorescent, 1 - 10 ^m slender, rod-shaped 
bacilli. 

Fluorescein-labelled peptide nucleic acid probes targeting 23S rf?NA of the mycobacteria of 
35 thel MTC group (OK 306, OK 309. OK 446. OK 449) and 1 6S rRNA of the mycobacteria of the 
MTC group (OK 310) were tested, individual probe concenti^tions and incubation 
temperatures are listed together witti tiie results in Table 2 and 3. 
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TABLE 2 





OK 306 


OK 309 


OK 446 


OK 449 




2ounM 


250nl\/l 


SOOnM 


SOOriM 




45*C 


45*»C 


55«C 


55^0 


M. bovis BCG 


positive 


positive 


positive 


positive 


M. avium 


negative 


negative 


negative 


negative 


M. intracellulare 


negative 


negative 


not determined 


not determined 


N. gonorrhoeae 


negative 


negative 


not determined 


not determined 


TABLE 3 






OK 447 


OK 310 


OK306/OK310 








250nM 


500/500nl^ 






55*»C 


45*'C 


55^0 




M. bovis BCG 


positive 


positive 


positive 




M. avium 


negative 


negative 


negative 




M. intracellulare 


not detemnined 


negative 


negative 




N. gonorrhoeae 


not determined 


negative 


not determined 





5 It can be concluded that the probes are able to penetrate ttie mycobacterial cell wall of 
mycobacterium cultures and subsequently hybridise to target rRNA sequence. This maJ<es 
possible the development of fluorescence in situ hybridisation (FISH) protocols for specific 
detection of mycobacteria. 



10 EXAMPLE 6 

Test of probes on dintoal smears of sputum 

The ability of the peptide nucleic acid to penetrate tiie cell wall of mycobacteria of tiie MTC 
group in dlnlcal samples was tested on smears of sputum from suspected cases of 
15 tuberculosis (kindly provided by Division of Microbiology. Ramattilbodi Hospital, Bangi(ol(, 
Thailand) by fluorescence In situ hybridisation (FISH). Smears from the same patient were 
initially evaluated positive by Ziehl-Neelsen staining, which shows only ttie presence of add 
fast bacilli, not whether these are mycobacteria of tiie MTC group. 

20 Fluorescein-labelled peptide nudeic add probes targeting 23S rRI^ of tiie mycobacteria of 
the MTC group (OK 306, OK 446. OK 449) and 16S rRNA of tiie mycobacteria of ttie MTC 
group (OK 310) were used. Furtiiermore, a random peptide nudeic add probe (a 15-mer 
wherein each position may be A. T. C or G (obtained firom Millipore Corporation, Bedford, MA, 
USA) was added to tiie hybridisation solution in ord^r to increase tiie signal-to-noise ratio. 
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FISH was carried out at 55 °C as descrit)ed in Example 5. Applied prolse concentrations are 
listed together with the results in Table 4 and 5. 



TABLE 4 



Samnte 
number 


1 OK 

1 wrx "TTwfrVelliviOJfl 

1uM/50tiM 


1 uM/SOuM 

1 |«IVu ww|*IVI 


A-ieni-iMeetsen 

ofoininn 

siainiiig 




rOSiuVe 


Positive 


4+ 


335 


Positive 


Eq. 


2+ 


345 


Positive 


Positive 


3+ 


224 


Positive 


Positive 


3+ 


297 


Negative 


Eq. 


2+ 


1 / y 


Negative 


Negative 


4+ 


247 


Negative 


Negative 


2+ 


ZOO 


Positive 


Positive 


2+ 






Positive 


2+ 


TABLE 5 








Sample 
number 


OK306/OK310 
500/500 nM 


Ziehl-Neelsen 
staining 




213 


Positive 


4+ 




292 


Positive 


4+ 




159 


Positive 


3+ 




287 


Positive 


3+ 





10 



Smears stained by Ziehl-Neelsen staining were examined with a 100x objective and scored according 
to the following method: -: 0 bacilli, H< 1-200 per 300 fields. 2*: 1-9 per 10 fields, 3+: 1-9 per field. 4t: 
>9 per field. 

Positive: Several mycobacteria were identified In the smear. Negative: No fluorescent mycobacteria 
were Identified in the smear. Eq: Few (1-3) fluorescent mycobacteria were identified In the smear. 



It appears from the table that the peptide nucleic acid probes are able to penetrate and 
subsequently hybridise to target sequence of mycobacteria of the MTC-group in AFB-positlve 
15 sputum smears. The fact that not all AFB-positive sputum smears are found positive with 

applied probes indicate that not all AFB-positive sputum smears contains mycobacteria of the 
MTC-group. 

EXAMPLE 7 

20 

The reactivity and specificity of selected peptide nucleic acid probes for detecting 
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mycobacteria of the MtC group as well as probes for detecting mycobacteria of the MOTT 
group were evaluated by fluorescence In situ hybridisation (FISH) on control smears prepared 
from cultures of different mycobacterium species. The mycobacterium species were selected 
so as to be representative for the mycobacterium genus as well as to include clinically relevant 
5 species. 

M. tuberculosis (ATCC 25177), M, bovis BCG (ATCC 35734), M. intracellulare (ATCC 13950), 
M. avium (ATCC 25292), M. Icansasil (ATCC12479), M. gordonae (ATCC 14470), M. 
scrofulaceum (ATCC 19981), M. abscessus (ATCC19977), M, nrarinum (ATCC 927), M. 
10 simiae (ATCC 25575), M. szulgai (ATCC 35799). M. flavescens (ATCC 23033), M. fbrtuitum 
(ATCC 43266) and M. xenopi (ATCC1 9250) were ghown at Dubos broth (Statens Serum 
Institut) at 37 ''C with the exception of M. marinum which was grown at 32 ^'C. 

Smears were prepared as described in Example 5. FISH was earned out as described below. 

15 

Protocol for fluorescence in situ hybridisation (FISH) 

1. The bacterial slide was covered with a hybridisation solution containing the probe in 
question. 

2. The slide was Incubated in a humid incubation chamber at.55''C for 90 minutes. 

2& 3. The slide was washed 30 minutes at 55*C in prewanned wash solution (5 mM Tris, 1 5 
mM NaCI, 0.1% (v/v). Triton X-100* pH 10) followed by 30 seconds in water. 
4. The slide was dried and mounted with IMAGEN Mounting Fluid (DAKO, Copenhagen. 
Dennr^ari<) 

25 The hybridisation solution contained 50 mM Tris, 10 mM NaCI, 10% (w/v) Dextran sulphate. 
30% (v/v) formaniide, 0.1% (v/v) Triton X-100* 5 mM EDTA, 0.1% (w/v) sodium 
pyrophosphate, 0.2% (w/v) polyvinylpyrrolidone, and 0.2% (w/v) FIcoil. pH 7.6. To avoid non- 
specific binding of the labelled peptide nucleic acid probe, 1-5 ^M of non-labelled, non-sense 
peptide nucleic acid probe was added to the hybridisation solution (OK S07ymodified Seq ID 

30 no 121 and/or OK 714/modified Seq ID no 122). 

Whenever possible, the applied equipment was heat-treated, and solutions were exposed to 
1^i/mt diethylpyrocarbonate (Sigma Chemical Co.) in order to inactivate nucleases. 

35 Microscopic examinations were conducted using a fluorescence microscope (Leica, Wetzlar, 
Germany) equipped with a 100x/1.30 oil objective, a HBO 100 W lamp and a FITC/TRITC dual 
band filter set Mycobacteria were identified on basis of both fluorescence (strong, medium, 
weak, no) and morphology (1-10 \xm slender, rod-shaped bacilli. Mycobacteria of the MOTT 
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group may appear pleomorphic, ranging in appearance from long rods to coccoid forms) 

Probe concehtraHons are listed together with the results in Table 6 and 7 (probes targeting 
myddbacteria of the mc group) and Table 8 (probes targeting to mycobacteria of the MOTT 
group). 



TABLE 6 



: . 


OK 450 
ZD nM 


OK 682 
lOO nM 


OK 689 
100 nM 


OK 688 
250 nM 


OK 660 
100 nM 


M, tuberculosis 


+++ 


+++ 


+++ 


+++ 


+++ 


M. bovis BCG 








+++ 


+++ 


M. Intfaceilulare 












M. avium 












M. kansasil 


++ 










M. gordonae 












M. scrofutaceum 


+++ 










M. abscessus 










+ 


M. marinum 


■♦■++ 




+ 


+ 


+++ 


M. simiae 












M. dzulgai 


+++ 










M. flavescens 




++ 








M. fortuttum 




■f 








M. xenopi 













strong fluorescence, ++ medium fluonescence. + weak fluorescence. - no fluorescence 
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TABLE 7 



Mycobacteria 


OK 655 
150 nM 


OK 448 
50 nM 


OK 654 
100 nM 


OK 446 
25 nM 


M. tuberculosis 


+++ 


+++ 






M. bovis BCG 


+++ 


+++ 






M. intracellulare 










M. avium 










M. kansasii 










M. gordonae 










M. scrofulaceunn 










M. abscessus 






+ 




M. marinum 






+ 


+++ 


M. simiae 










M. szulgai 










M. flavescens 










M. fortuitum 










M. xenopi 











++* strong fluorescence, ** mecUuni fluorescence, -*• weak fluorescence. - no fluorescence 



TABLE 8 



Mycobacteria 


1 OK 612 . 
100 nM 


OK 624 
100 nM 


OK623 
100 nM 


M. tuberculosis 








M. bovis BCG 








M. Intraceilulare 




++ 


++ 


M. avium 


+++ 


+++ 


+++ 


M. lonsasii 






♦++ 


M. gordonae 




++ 


++ • 


M. scrofulaceum 




++ 


++ 


M. abscessus 




++ 


+++ 


M. marinum 








M. simiae 




++ 


+++ 


M. szulgai 






+++ 


M. fiavesdens 








M. fortuitum 




-H- 




M. xenopi 









strong fluorescence, medium fluorescence, + weak fluorescence, - no fluorescence 



Each of probes Indicated in Table 6, 7 and 8 was further investigated with regard to 
hybridisation to other common respiratory bacteria, namely Gorynebacterium spp., 
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Fusobacterium nucleatum. Haemophilus influenzae. Klebsiella pneumoniae. Pseudomonas 
aeruginosa, Propionibacterium acnes. Streptococcuc pneumoniae. Staphylococcus aureus. 
Brahameila catarrahalis. Escherichia coii. Neisseria spp.. Actinobacter calcoaceticus, 
AcBnomyc^s spp., Enterobacter aerogenes, Proteus mirabilis. Pseudomonas maltophllia. 
5 Streptocussuc viridans, and Norcardia asteroides. No cross-hybridisation was observed by 
fluorescence in situ hybridisation to any of these bacteria in the case of OK 682, OK 654, OK 
655. OK 688, OK 660. OK 612. OK 624 and OK 623. Some cross-reactivity was observed in 
the case of OK 446 (to P. acnes). OK 448 (to P. acnes and B. catarrhalis). and OK 450 (to P. 
acnes and B. catanrhalis). 

io 

Table 6 and 7 shows that none of the MTC probes cross-react with M. Intracellulare and/or M. 
avium, but indeed strongly with IVI. tuberculosis and M. bovis BCG. As shown in Table 8. both 
OK 624 and OK 623 hybridise to M. intracellulare and M. avium which are both members of 
the IMAC group, whereas none of them hybridise to M. tuberculosis or M. bovis BCG. OK 612 
15 hybridises to avium only. It should be noted th^ the aligned sequence of M. intracellulare 
has Just one nucteobase difference to the target sequence of M. avium, see Figure 4K. 

The data support the use of the methodology described in claim 3 and 4 and exemplified in 
Example 2 tor design of peptide nucleic acid probes that are capable of hybridising to target 
20 sequence of one or more mycobacterium species and not to otfier nnycobacterium species 
having at least one nucleobase difference to the target sequence. 

EXAMPLE 8 

25 To Study the usefulness of the peptide nucleic acid probes in distinguishing between 

mycobacteria of the MTC group and mycobacteria of the MOTT group, the probes were tested 
on smears of mycobacterium-positive cultures prepared from 34 + 28 clinical samples (sputum 
samples, other respiratory samples and extrapulmonary samples) from individuals suspected 
of tuberculosis or other mycobacterial infections (icindly provided by the Mycobacterium 

30 Department, Statens Serum Institut Denmark). Complex/species identification date obteined 
with the AccuProbe tests from Gen-Probe inc., USA were available for each sample. 

Table 9 shows the results obteined with four different peptide nucleic acid probes tergeting 
mycobacteria of the MTC group (OK 682. OK 660. OK 688 and OK 689) and one probe 
35 targeting mycobacteria of the MOTT group (OK 623). and Table 10 shows the resulte obteined 
with two peptide nucleic acid probes tergeting mycobacteria of the MOTT group (OK 623 and 
OK 612) and a mfacture of two probes tergeting mycobacteria of the MTC group (OK 688 and 
OK 689). Date are arranged according to the resulte obteined by AccuProbe. Sample 
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preparation, hybridisation and visualisation were peribrmed as described In Example 7. 



TABLE 9 



Complex/ 


I OK623 


OK 682 


OK 660 


OK 688 


OK 689 


spedes (n) 


25 nM 


100 nM 


100 nM 


250 nM 


100 nM 




np 


"p 


np 


np 


"p 


MTC (23) 


0 


23 


23 


23 


23 


M. avium (5) 


5 


0 


0 


0 


0 


M. gondonae (3) 


3 


0 


0 


0 


0 


Unknown" (3) 


3 


0 


0 


0 


0 



np denotes number of positive samples. 

The tenfn "unloiown" means that the sample not contains mycobacteria of the MTC group, or 
mycobatteria of the MAC group according the AccuProbe test, but further species identification 
was not performed. 



TABLE 10 



10 



Complex/ 


OK 623 


OK 612 


OK688/OK 689 


spedes (n) 


25nM 


100 nM 


50nM/50nM 




"p 


np 


np 


MTC (17) 


0 




16 


M. avium (2) 


2 


2 


0 


M. gordonae (4) 


3 


0 


0 


Unknown' (5) 


5 


0 


0 



The term "unknown" means that the sample not contains mycobacteria of the MTC group, or 
mycobacteria of the MAC group according to the AccuProbe test, but further spedes identification 
was not performed. 



15 The results showri In Table 9 are in conformity with the complex/species identification 

performed witti the AccuF'robe tests, and thus confirm that peptide nudeic add probes can be 
used to determine whether an infection is caused by mycobacteria of the MTC group or by 
mycobacteria of the MOTT group. 

20 From the results in Table 1 0. it can be seen that it is possible to differentiate between 

mycobacteria of the MTC group and mycobacteria of the MOTT group with 1 00% specifidty 
and 91-94% sensitivity relative to results obtained by the AccuProbe tests. Furthermore, OK 
612 is very suitable for specific identification of M. avium among those being positive for 
mycobacteria of the MOTT group as the result is positive in the case of M. avium and negative 

25 in the other cases of myoobacteria of the MOTT group. 
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EXAMPLE 9 



Dimct detecUon of mycobacteria in clinicai smears of sputum 
This example demonstrates the ability of the peptide nucleic acid to detect and identify 
mycobacteria directly in AFB-positrve sputum samples from suspected cases of tuberculosis 
(kindly provided by Division of Microbiology. RamathibodI Hospital. Bangkok. Thafland) and 
suspected cases of other mycobacterial infections (kindly provided by Clink:al Microbiotogy 
Dept. Rigshospitalet, Copenhagen. Denmaric) by FISH is shown. 

The clinical smears were prepared according to the procedure described In Example 5. and 
FISH was performed as described in Example 7. The results are shown in Table 11. 



TABLE 11 



Sampld no. 


OK 623 
25 nM 


OK 654 
100 nM 


OK 655 
150 nM 


OK 682 
100 nM 


OK 688 
250 nM 


OK 669 
100 nM 


1 




++ 


++ 


++ 


++ 


++ 


175 




++ 


nd 


nd 


++ 


++ 


459 






nd 


nd 






166 








nd 






268 






++ 


++ 


++ 


++ 


34267 















nd: not determined 

irh¥ strong fluorescence, -h- medium ftuorescenoe, + weak fiuorescenoe, - no fluorescence 



It appears froni examples in Table 1 1 that AFB-positive sputum smears were evaluated 
positive for mycobacteria of the MTC group (sample numbers 1 , 175, and 268), positive for 
mycobacteria of the MOTT group (sample number 37267), or negative for mycobacteria 
(sample numbers. 459 and 166) by the applied probes. Thus, PNA-probes are useful reagents 
for specific identification of mycobacteria directly in sputum smears by fluorescence In situ 
hybridisation. AFB-positive sputum samples that are negative with all probes may be 
explained in three ways: a) the sample may contain mycobacteria not detected by the probes, 
e.g. M. fortuitum. b) the sample may contein other acid-fast bacteria than mycobacteria, or c) 
the mycobacteria In the sample lack or have a strongly reduced content of rRNA due to for 
example antibiotic treatment 

In conclusion, direct identification of mycobacteria In smear-positive sputum samples by 
peptide nucleic acid-based fluorescence in situ hybridisation combines simplicity and 
morphological advantages of current staining methods with concominant species 
kientiflcation. and will thus allow clinicai microbiology laboratories to benefit from the 
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advantages offered by molecular techniques to provide crucial infomiation pertaining to 
therapy and patient management 

EXAIWPLE 10 

5 

This example demonstrates simultaneous detection and identification of mycobacteria of the 
MTC group and mycobacteria of the MOTT group using differently labelled probes targeting 
mycobacteria of the MTC group and mycobacteria of the MOTT group, respectively, by 
fluorescence in situ hybridisation. 

10 

Control smears of different mycobacterium species were prepared as described in Example 5. 
In addition, smears containing a mixture of M, tuberculosis and M. avium were prepared 
(Table 8, last row). FISH was performed as described in Example 7. 

1 5 A rtiodamine-labeiied peptide nucleic acid probe targeting 1 6S rRNA of mycobacteria of the 
MTC group (OK 702) and a fluorescein-tabelled peptide nucleic acid probe targeting 16S 
rRNA of mycobacteria of the MOTT group (OK 623) were applied simultaneously in the 
concentrations listed in Table 12 together with the results. 

20 TABLE 12 



Mycobacterium species 


OK623/OK702 
25/250 nM 


M. tuberculosis 


-(Gy+++(R) 


M. bovts BCG 


.(G)/ +++ (R) 


M. avium 


+++(G)/-(R) 


M. intracelluiari& 


+++(G)/-(R) 


M. Icansasil 


+++(G)/-(R) 


M. avium / M. tuberculosis 


+++ (G)/+++ (R) 



+++ strong fluorescence - no fluorescence 
G green fluorescence, R red fluorescence 



Mycobacteria of the MTC group, i.e. M. tuberculosis and M. bovis. were observed as green 
25 fluorescent mycobacteria, whereas mycobacteria of the MOTT group, i.e. M. avium, M. 

intracellulare and M. kansasii. were observed as red fluorescent nnycobacteria. Mycobacteria 
in the M. avium/M. tuberculosis mixture were identified by a mixture of both green fluorescent 
mycobacteria and red fluorescent mycobacteria. 

30 The results show that it Is possible to distinguish between different Mycobacterium species In 
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one smear using a mixture of drfferehtly labelled probes. Such simultaneous detection and 
identification of mycobacteria may further be extended to comprise three or more differently 
labelled peptide nucleic acid probes. 

5 EXAMPLE 11 

The ability of a peptide nucleic acid probes to hybridise to precursor rRNA and further to 
distinguisih between precursor rRKlA of M. tuberculosis and precursor rRNA of M. avium was 
investigated by fluorescence in situ hybridisation. 

10 

Smears were prepared as described in Example 5 and FISH were carried out as described in 
Example 7 using a fluorescein-labelled probe targeting precursor rf^NA of M. tuberculosis (OK 
749). The results are given in Table 13. 

15 TABLE 13 



l^ycobacterium 


OK 749 
1000 nM 


M. tuberculosis 


+ 


IM. avium 





+ weak fluorescence - no fluorescence 



From the results, it can be concluded that it is possible to detect precursor rRNA, and further 
that lis possible to distinguish between precursor rRNA from different mycobacterium species. 
20 The application of peptide nucleic acid targeting precursor rRNA may be particulariy useful for 
measuring the mycobacterial growth and thus be an Indicator of the viability of the 
mycobacteria. This would In particular be important for monitoring of the effect of antibiotics in 
relation to both treatment of tuberculosis and drug susceptibility studies. 

25 EXAMPLE 12 

The ability of peptide nucleic acid probes for differentiation of drug susceptible and drug 
resistant mycobacteria was eivaluated using a fluorescein-labelled probe targeting the wild 
type sequence of 238 rRNA of M. avium and M. intracellulare together with riiodamine- 
30 labelled probes targeting single point mutations associated with macrolide resistance in M. 
avium and M. intracellulare. 



Smears were prepared as described in Example 5 from cultures of M. avium (ATCC no. 
25292) and M. intracellulare (ATCC no. 13950). These strains are anticipated to contain the 
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wild type sequence of rRNA. Miacrolide resistant variants were not available. FISH was carried 
out as described in Example 7 using a fluonescein-labelled peptide nucleic acid probe 
targeting wild type 23S rRNA (OK 745) and a mixture of rtiodamine-Iabelled peptide nucleic 
acid probes targeting the three possible mutations at position 2568 (OK 746) and at position 
2569 (OK 747) of M. avium 23S riDNA of GenBank entry X52917 (see Figure 6). The results 
are given In Table 14. 



TABLE 14 



Mycobacterium species 


OK745/OK746/OK747 

500/500/500 nM 


M. avium (wild type) 


+++ (G)/.(R) 


M. intracellulare (wild type) 


+++(G)/-(R) 



G green fluorescence, R red fluorescence 

OK 746 and OK 747 are each a mixture of three single point mutation probes 



The results in Table 14 show that M. avium and M. intracellulare are detected with the 
fluorescein-labelled probe (OK 745) targeting M. avium and M. intracellulare wild types and 
not detected wift the mbcture of riiodamine-Jabelled probes (OK 746 and OK 747) targeting 
single point mutations associated with macrolide resistance. Such peptide nucleic acid probes 
targeting the wild type and drug resistant variants, respectively, may be important tools for 
both the prediction of an efficient therapy as well as for monitoring the effect of the treatment. 



EXAMPLE 13 

To illustrate the speed with which peptide nucleic acid probes penetrate the mycobacterial cell 
wall and subsequently hybridise to their target sequence the protocol described in Example 7 
was modified to 15 minutes hybridisation time and the results compared with 90 minutes 
hybridisation time. Smears were prepared as described in Example 5. The results are gh^en in 
Table 15. 
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TABLE 15 





OK 623 
25 nM 


OK 689 
100 nM 




15min 


90 min 


15 min 


90 min 


M. tuberculosis 






++ 


+++ 


M. avium 


++ 


+++ 







+++ strong fluorescence ++ medium fluorescence 
-t- weak fluorescence - no fluorescence 



5 The data presented in Table 15 show that hybridisation by peptide nucleic acid probes inside 
the mycobacterial cells is accomplished in a very short time resulting in a detectable signal 
after just 15 minutes incubation. Thus, the use peptide nucleic acid probes makes possible the 
development of very fast fluorescence in situ hybridisation protocols. 

10 EXAMPLE 14 

To describe the ability of very short peptide nucleic acid probes to hybridise to target 
sequences, a 12-mer peptide nucleic acid probe labelled with fluorescein (OK 575) was tested 
by fluorescence in situ hybridisation (FiSIH). 

15 

Smears wiere prepared as described in Example 5 and FISH were carried out as described in 
Example 7. The results are given in Table 16. 



TABLE 16 



Mycobacterium 


OK 575 




50 nM 


M. tuberculosis 


+ 


M. bovis BOG 


++ 


M. avium 




M. intracellulare 




M. kansasii 





20 medium fluorescence weak fluorescence • no fluorescence 

The results in table 17 shows that a 12-mer peptide nucleic acid probe is capable of 
hybridising specifically to target sequences under the same stringency conditions as IS-mers. 
A lower fbrescence intensity is obtained as the T„, for a 12-mer peptide nucleic acid probe is 
25 lower than T„ for a 1 5-mer peptide nucleic acid probe. 
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The data clearly suggest that by lowering the stringency condition, e.g. by decreasing the 
hybridisation/washing temperature and/or the concentration of fbrmamide, even shorter 
probes may be applied for detection of mycobacteria provided that specific sequences of such 
can be designed. 
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CLAIMS 



1. Peptide nucleic acid probe for detecting a target sequence of one or more mycol)acteria 
optionally present in a sample, said probe being capable of hybridising to a target sequence of 

5 mycobacterial rDNA, precursor rRNA or rRNA forming detectable hybrids, 
and a mbcture of such probes. 

2. Peptide nucleic acid probe according to claim 1. said probe being capable of hybridising to 
a target sequence of mycobacterial rDNA. precursor rRISIA. or 23S. 16S or 6S rRNA forming 

10 detectable hybrids, 

and a mixture of such prdbes. 

3. Peptide nucleic acid probe according to claim 1 or 2, said probe being capable of 
hybridising to a target sequence of mycobacterial rDNA, precursor rRNA, or 23S, 16S or 5S 

15 rRNA forming detectable hybrids, said target sequence being obtainable by 

(a) comparing the nucl^base sequences of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detected with the conesponding nucleobase sequence of organism(s), in 
particular other nnycobacteria, in particular other mycobacteria, from which said one or more 

20 mycobacteria are to be distinguished. 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

25 

(c) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 

and a mixture of such probes. 

30 4. Peptide nucleic acid probe according to claim 1 or 2, said probe being capable of 

hybridising to a target sequence of mycobacterial rDNA, precursor rRNA or 23S, 16S or 5S 
rRNA forming detectable hybrids, said probe being obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
35 mycobacteria to be detected with the con-esponding nucleobase sequence of organism(s), in 
particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished. 
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(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, 

5 (c) synthesising said probe, and 

(d) determining the capability of said probe to hybridise to the selected target sequence to 
torn detectable hybrids, 
and a mixture of such probes. 

10 

5. Peptide nucleic acid probe according to any one of claims 1 to 4 for detecting a target 
sequence of one or more mycobacteria of the Mycobacterium tuberculosis Complex (MTC) or 
for detecting a target sequence of one or more mycobacteria other than mycobacteria of the 
Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
15 ' comprises from 6 to 30 polymerised peptide nucleic acid moieties, said probe being capable of 
hybridising to a target sequence of mycobacterial rDNA, precursor rRNA or 23S, IBS or 5S 
rRNA forming detectable hybrids, 
and a mixture of such probes. 

20 6. Peptide nucleic acid probe according to any one of claims 1 to 5 for detecting a target 
sequence of rDNA, precursor rRNA or 23S, 16S or 5S rRNA of one or more rtiycobacteria of 
the Mycobacterium tuberculosis Complex (MTC) or for detecting a target sequence of rDNA, 
precursor rRNA or 23S, IBS or 5S rRNA of one or more mycobacteria otiier than 
mycobacteria of the Mycobacterium tuberculosis Complex (MOTT) optionally present in a 

25 sample, which probe comprises from 10 to 30 polymerised moieties of fomiuia (I) 



wherein each X and Y independentiy designate O or S, 

each Z independently designates O, S. NR\ or C(R^)2, wherein each R^ independently 
designate H, C^^ alkyi, C,^ alkenyl, C^^ alkynyl, 
35 each R^, R^ and R^ designate independentiy H, the side chain of a naturally occuning amino 
acid, the side chain of a non-naturally occumng amino acid, Cm al^l alkenyl or C^ 
alkynyl, or a functional group, each Q independently designates a naturally occumng 
nucleobase, a non-naturaliy occurring nucleobase, an intercalator, a hucleobase-binding 



30 




(I) 
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group, a label or H, 

with the proviso that the probe comprising such subsequence is capable of forming detectable 
hybrids with the target sequence of said rifiycobacterial rDNA. precursor rRNA or 23S, 16S or 
5 5S rRNA. 

and a mixture of such probes. 

7. Peptide nucleic add probe accdrding to any one of claims 1 to 6 far detecting a target 
sequence of 23S rRNA of one or more mycobacteria of the Mycobacterium tubercutosis 
10 Complex (MTC) optionally present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (I) as defined in claim 6. 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
15 nucleobase of M. tuberculosis 23S rRNA differing from the con-esponding nucleobase of at 
least M. avium located within the following domains 

Positions 149-158 in Figure 1A, 

Positions 220-221 in Figure 1 A, 
20 Positions 328-361 in Figure 1 A and Rgure 1 B, 

Positions 453-455 in Figure 1B, 

Positions 490-501 in Figure IB. 

Positions 637-660 in Figure 1C, 

Positions 706-712 In Figure ID. 
25 Positions 762-789 in Figure 1 D. 

Position 989 in Figure ID, 

Positions 1068-1072 in Figure ID, 

Position 1148 In Figure IE, 

Positions 1311-1329 In Figure IE, 
30 Positions 1361-1364 in Figure IF. 

Position 1418 in Figure IF, 

Positions 1563-1570 in Figure IF, 

Positions 1627-1638 in Figure 16. 

Positions 1675-1677 in Figure 1G, 
35 Position 1718 ih Figure 1G, 

Positions 1734-1740 in Figure IH. 

Positions 1967-1976 in Figure IH, 

Positions 2403-2420.in Figure IH, 
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Positions 2457-2488 in Figure 11. 
Positions 2952-2956 in Figure 11, 
Positions 2966-2969 in Figure 1J, 
Positions 3000-3003 in Figure 1J or 
5 Positions 3097-31 06 in Rgure 1 J, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
dete^ble hybrids with a target sequence of said mycobacterial 23S rRNA, 
and a mixture of such probes. 

10 

8. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 16S rRNA of one or more mycobacteria of the Mycobacterium tuberculosis 
Complex (MTC) optionally present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (I) as defined in claim 6, 

15 

with the proviso that the Qs of adjacent nru>ieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucieobase of M. tuberculosis 16S rRNA differing from the corresponding nucleobase of at 
least M. avium located within the following domains 

20 

Positions 76-79 In Figure 2A. 

Positions 98-101 in Figure 2A, 

Positions 135-136 in Figure 2 A, 

Positions 194-201 in Figure 2B, 
25 Positions 222-229 in Figure 2B, 

Position 242 in Rgure 2B, 

Position 474 in Figure 2C, 

Positions 1 1 36-1 145 in Figure 2C, 

Positions 1271-1272 in Figure 2C, 
30 Positions 1287-1292 In Figure 2D. 

Position 1313 in Figure 2D, or 

Position 1334 In Figure 2D, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
35 detectable hybrids with a target sequence of said mycobacterial 16S rRNA. 
and a mixture of such probes. 



9. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a taiget 
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sequence of 5S rRNA of one or more mycobacteria of the Mycobacterium tuberculosis 
Complex (MTC) optionally present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (1) as defined In claim 6, 

5 with the proviso that the Qs of adjacent moieties are selected so as to fomri a sequence of 
which a subsequence includes at least one nudeobase that is complementary to a 
nucleobase of M. tuberculosis 5S rRNA differing from the con^sponding nucteobase of at 
least M. avium located within the following domain 

10 Positions 86-90 in Figure 3 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 5S rRNA, 
and a mixture of such probes. 

15 

10. Peptide nudeic add probe according to any one of claims 1 to 8 for detecting a target 
sequence of 23S or 16S rRNA of one or more myoobacteiria of the Mycobacterium 
tuberculosis Complex (MTC) optionally present in a sample, which probe comprises from 10 to 
30 polymerised moieties of formula (1) as defined in claim 6, 

20 

with the proviso that the Qs of adjacent moieties are selected so as to forni a sequence of 
which a subsequence includes at least one nudeobase that is complementary to a 
nucleobase of M. tuberculosis 23S or 16 S rRNA differing from the corresponding nucleobase 
of at least M. avium located within the following domains 

25 

Positions 149-158 in Figure 1A, 

Pdsftions 328-361 in Figure lAand Figure IB, 

Positions 490-501 In Figure 1B. 

Positions 637-660 in Figure 1C. 
30 Positions 762-789 in Figure 1D, 

Positions 1068-1072 in Figure ID. 

Positions 1311-1329 in Figure 1E. 

Positions 1361-1364 in Figure IF, 

Positions 1563-1570 in Figure 1F, 
35 Positions 1627-1638 in Figure 1G, 

Positions 1734-1740 in Figure 1H. 

Positions 2457-2486 in Figure 11, 

Positions 2952-2956. in Figure II, 
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Positions 3097-3106 in Figure 1J, 
Positions 135-136 in Figure 2 A. or 
Positions 1287-1292 in Figure 2D, 

and further with the proviso that the prol)e comprising such subsequence is capabie of forming 
detectable hybrids with a target sequence of said mycobacterial 23S or 16S rRNA. 
and a mixture of such probes. 

11. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 23S rRNA of one or more mycobacteria other than nnycobacteria of the 
Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
comprises from 10 to 30 polymerised moieties of formula (1) as defined in clairti 6. 

with the proviso ttiat the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucieobase tiiat is complementary to a 
nudeobase of fW!. avium 23S rf^NA differing f^om ttie conesponding nucieobase of at least M. 
tuberculosis located within ttie following domains 

Positions 99-101 in Figure 4A, 

Position 183 in Rgure 4A. 

Positions 261-271 in Figure 4A, 

Positions 281-284 in Figure 4B. 

Positions 290-293 in Figure 4B, 

Positions 327-336 in Figure 4B, 

Positions 343-357 in Figure 48, 

Positions 400-405 in Figure 48 and Figure 4C, 

Positions 453-462 in Figure 4C, 

Positions 587-599 in Figure 4C, 

Positions 637-660 in Figure 4D, 

Positions 704-712 in Figure 4D, 

Positions 763-789 in Figure 4E, 

Positions 1060-1074 in Figure 4E, 

Positions 11 77-1 185 in Figure 4E, 

Positions 1259-1265 In Figure 4F, 

Positions 1311-1327 in Figure 4F, 

Positions 1345-1348 in Figure 4F, 

Positions 1361-1364 in Figure 4G, 

Positions 1556-1570 In Figure 4G, 
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Positions 1608-1613 in Figure 4H, 

Positions 1 626-1 638 in Figure 4H, 

Positions 1651-1659 in Figure 4H. 

Positions 1676-1677 in Figure 4H, 
5 Positions 1734-1741 in Figure 4H. 

Positions 1847-1853 in Figure 41. 

Positions 1967-1976 In Figure 41. 

Positions 2006-2010 In Figure 41. 

Positions 2025-2027 in Rgure 41, 
10 Positions 2131-2132 in Figure 4J, 

Positions 2252-2255 In Figure 4J. 

Positions 2396-2405 In Figure 4J and Figure 4K, 

Positions 24 1 6-2420 in Figure 4K. 

Positions 2474-2478 In Rgure 4K, 
15 Position 2687 In Figure 4K, 

Position 2719 In Figure 4K 

Pa&mti 2809 In Figure 4L, 

Positions 3062-2068 in Figure 4L, or 

Positions 3097-3106 in Figure 4L, 

20 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S rRNA, 
and a mixture of such probes. 

25 12. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 16S rRNA of one or moha mycobacteria other than mycobacteria of the 
Mycobacterium tuberculosis Complex {MOU) optionally present in a sample, which probe 
comprises from 10 to 30 polymerised moieties of fonmuta (i) as defined In claim 6, 



3D with the proviso that the Qs of adjacent nrK)leties are selected so as to fbnm a sequence of 
which a subsequence includes at least one nucteobase that Is complementary to a 
nucleobase of IVI. avium 16S rRNA differing from the corresponding nucleobase of at least M. 
tuberculosis located within the following domains 



35 Positions 1 35-1 36 in Figure 6A. 
Positions 472-475 in Figure 6A. 
Positions 1136-1144 in Rgure 5A, 
Positions 1287-1292.ln Figure SB. 
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Position 1313 in Figure 5B, or 
Position 1334 in Figure 5B, 



and further with the proviso that the probe comprising such subsequence is capable of forming 
5 detectable hybrids with a target sequence of said mycobacterial 1 6S rRNA, 
and a mixture of such probes. 

13. Peptide nucleic add probe according to any one of claims 1 to 6. 1 1 and 12 for detecting a 
target sequence of 23S or 16S rRNA of one or more mycobacteria other than mycobacteria of 

10 the Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
comprises from 10 to 30 polymerised moieties of formula (I) as defined in claim 6, 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
15 nucleobase of M. avium 23S or 16S rRNA differing from the corresponding nucleobase of at 
leiast M. tuberculosis located within the following domains 

Positions 99-101 in Figure 4A, 

Positions 290-293 in Figure 4B. 
20 Positions 400-405 in Figure 4B and Figure 4C, 

Positions 453-462 in Figure 4C. 

Positions 637-660 in Figure 4D, 

Positions 763-789 in Figure 4E, 

Positions 1311-1 327 in Figure 4F, 
25 Positions 1361-1364 in Figure 4G. 

Positions 1 734-1 741 in Rgure 4H. 

Positions 2025-2027 in Figure 41. 

Positions 2474-2478 in Figure 4K. 

Positions 3062-2068 in Figure 4L, or 
30 Positions 1287-1292 in Figure SB. 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S or 16S rRNA, 
and a mixture of such probes. 

35 

14. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 23S, 16S or 5S rRNA of one or more mycobacteria of the Mycobacterium 
tuberculosis Complex (MTC) or for detecting a target sequence of 23S. 16S or 5S rRNA of 
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one or more mycobacteria other than mycobacteria of the Mycobacterium tuberculosis 
Complex (MOTT) optionaliy present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (I) as defined in claim 6, 

5 with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucleobase that differs from the con^ponding nucleobase of 23S, 16S or 5S rRNA of said 
one or more mycobacteria located within the following domains 

10 positions 2568-2569 in Figure 6, 

Position 452 in Figure 7, 
Positions 473-477 in Figure 7, or 
Positions 865-866 in Figure 7, 

15 • 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with the target seiquence of said mycobacterial 23S, 16S or 5S rRNA, 
and a mixture of such probes. 



£0 15. Peptide nucleic acid probe according to any one of claims 1 to 14 of formula (II), (III), or 




R4 



Wherein Z. R^, R^ and R^, and Q is as defined in claim 6 with the provisos defined in claims 6 
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to 14. 

and a mixture of such probes. 

16. Peptide nucleic acid probe according to any one of claims 1 to 15, wherein Z is NH, NCHa 
5 or O, each R^ and independently designate H or the side chain of a natufaily occunlng 

amino acid, the side chain of a non-naturally occuning amino acid, or C^^ allcyl, and each Q is 
a naturally occurring nucleobase or a non-naturally occurring nucleobase with the provisos 
defined in claims 6 to 14, 
and a mbcture of such probes. 

10 

17. Peptide nucleic add probe according to any one of claims 1 to 16, wherein Z is NH or O, 
and is H or the side chain of Ala, Asp, Cys, Glu, His, HomoCys, Lys. Orn, Ser or Thr, and 
Q is a nucleobase selected from thymine, adenine, cytosine. guanine, uracil, iso-C and 2,6* 
diaminopurine with the provisos defined in claims 6 to 14, 

15 * and a mbcture of such probes. 

18. Peptide nucleic acid probe according to any one of claims 1 to 17 of formula (V) 



Q 




wherein R* is H or the side chain of Ala, Asp, Cys, Glu, His, HomoCys, Lys, Om, Ser or Thr, 
and Q is as defined In claim 17 with the provisos defined in claims 6 to 14, 
25 and a mixture of such probes. 

19. Peptide nucleic acid probe according to any one of clairhs 1 to 18 further comprising one 
or more labels and a mbcture of such probes, which labels may be mutually identical or 
different, which probes optionally may comprise one or nx>re linkers, and which probes may 

30 be mutually identical or diifferent with the provisos defined in claims 6 to 14. 

20. Peptide nucleic acid probe according to any one of claims 1 to 19 for detecting a target 
sequence of one or more mycobacteria, the nucleobase sequence of said probe being 
substantially complementary to tiie nucleobase sequence of said target sequence. 

35 

21. Peptide nucleic acid probe according to any one of claims 1 to 20 for detecting a target 
sequence of one or more mycobacteria, tiie nucleobase sequence of said probe being 
complementary to the nucleobase sequence of said target sequence. 
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22. Peptide nucleic acid probes according to any one of claims 1 to 21. wherein the Qs of 
adjacent moieties are selected so as to fomn the following subsequences 

5 AGA TGC GGG TAG CAC (selected from posiiions 149-158 in Figure 1 A), (Seq ID no 1) 

TGT TTT CTC CTC CTA (selected from positions 220-221 in Figure 1 A). (Seq ID no 2) 
ACT GCC TCT CAG CCG (selected from positions 326^61 in 

Rgure 1 A and Figure IB). ^Seq ID no 3) 

TGA TAG TAG GCA GGT (selected from positions 453-465 in Figure 1 B), (Seq ID no 4) 

10 GGG ATT GAG AGG GGA (selected from positions 490-601 in Figure IB), (Seq ID no 5) 

TGA CCA GCC TGC TCC (selected from positions 637-660 in Figure 1G). (Seq ID no 6) 

TTA ACC TTG GGA CAT (selected from positions 706-712 in Figure 1C), (Seq ID no 7) 

ACT ATT CAC AGG CGC (selected from positions 762-789 In Figure 1 D), (Seq ID no 8) 

CTC CGC GGT GAA CCA (selected from position 989 in Figure 1 D). (Seq ID no 9) 

15 GGT TTA CAG GAG GGG (selected from positions 1088-1072 in Figure 1 D). (Seq ID no 10) 

AGG CTT GGG GGG CTT (selected from position 1 148 In Figure 1 E), (Seq ID no 1 1) 

CCA CAC CCA CCA CAA (selected from positions 1311-1329 in Figure IE), (Seq ID no 12) 

CCG GTG GGT TCG CTG (selected from positions 1361-1364 In Figure IF). (Seq ID no 13) 

ACT TGC CTT GTG GCT (selected from position 1418 in Figure 1 F). (Seq ID no 14) 

20 GAT TCG TGA CGG GGG (iselectied from positions 1663-1570 in Figure 1F). (Seq ID no 16) 

AAC TCC AGA GCC CGG (selected from positions 1627-1638 in Figure 1G). (Seq ID no 16) 

ACT CCA GAG GCC GGA (selected from positions 1627-1638 in Figure 1G). (Seq ID no 17) 

ACC GCT TCG CTT GAG (selected from positions 1675-1677 in Figure 1G), (Seq ID no 18) 

CTT GCC CCA GTG TTA (selected from position 1718 In Figure 1G). (Seq lb no 19) 

26 GTG TCC CTA CCG GCT (selected from positions 1 734-1740 In Figure 1 H), (Seq ID no 20) 

GAT ATT CCG GTG CCG (selected from positions 1967-1976 In Figure 1H). (Seq ID no 21) 

ACT CGG GCC GAA CTG (seietited from positions 2403-2420 In Figure 1 H). (Seq ID no 22) 

CTG TCC CTA AAC CCG (selected from positions 2457-2488 in Figure 1 1), (Seq ID no 23) 

TTG GAG GTT AGA TGC (selected from positions 2457-2488 in Figure 1 1). (Seq ID no 24) 

30 GTG GCT AAA CCG GAT (selected from positions 2457-2488 in Figure 1 1). (Seq ID no 26) 

GGT GCA CCA GAG GTT (selected from positions 2962-2958 in Figure 1 1), (Seq ID no 26) 

GTG GGG GGA CAA GTG (selected from positions 2966-2969 In Figure 1J). (Seq ID no 27) 

TTA TCC TGA GGG AAC (selected from positions 3000-3003 In Figure 1J). (Seq ID no 28) 

GAG CTA TTG AAC CCG (selected from positions 3097-3106 in Figure 1J), (Seq ID no 29) 

35 

GAA GAG ACC TTT CCG (selected from positions 76-79 in Figure 2A), (Seq ID no 30) 

GAG TCG AGT ATG TCC (selected from positions 98-101 in Figure 2A), (Seq ID no 31) 

ATC ACC GAG GTG TTA (selected from positions 136-136 in Figure 2A), (Seq ID no 32) 

GCA TCC CGt GGT GCT (selected from positions 194-201 In Figure 2B). (Seq ID no 33) 

40 CAC AAG ACA TGC ATC (selected from positions 194-201 In Rgure 2B), (Seq ID no 34) 

TAA AGG GCT TTG CAC (selected from positions 222-229 In Figure 2B)! (Seq ID no 36) 

GGT CAT CGC ACA CCG (selected from position 242 In Figure 2B). (Seq ID no 36) 
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CCG AGA GAA CCC GGA (selected from position 474 In Figure 2C), (Seq ID no 37) 

AGT CCC CAC CAT TAC (selected from positions 1 136-1 145 In Figure 2C). (Seq ID no 38) 

AAC CTC GCG GCA tCG (selected from positions 1271-1272 In Figure 2C), (Seq ID no 39) 

GGC TTT TAA GGA 7TC (selected from positions 1287-1292 in Figure 2D), (Seq ID no 40) 

5 GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D), (Seq ID no 41) 

CCG ACT TCA CGG GGT (selected from position 1334 in Figure 2D). (Seq ID no 42) 

CGG AGG GGC AGT ATC (selected from positions 86-90 In Figure 3). (Seq ID no 43) 

10 GAT CAA TGC TCG GTT (selected from positions 99-101 in Figure 4A), (Seq ID no 44) 

TTC CCC GCG TTA CCT (selected from position 183 in Figure 4A), (Seq ID no 45) 

TTA GCC TGT TCC GGT (selected from positions 261-271 in Figure 4A). (Seq ID no 46) 

GGA TGC GGT TTA GCC (selected from positions 281-284 in Figure 4B), (Seq ID no 47) 

TAC CCG GTT GTC CAT (selected from positions 290-293 in Figure 4B). (Seq ID no 48) 

1 5 GTA GAG CTG AGA CAT (selected from positions 327-335 and 

343-357 In Figure 4B). (Seq |D no 49) 
GCC GTC CCA GGC CAC (selected finom positions 400-405 in 

Figure 48 and Rgure 4C). (Seq \o no 60) 

CTC GGG TGT TGA TAT (selected from positions 453^2 In Figure 4C). (Seq ID no 51 ) 

20 ACT ATT TCA CTC CCT (selected from positions 587-599 in Figure 4C), (Seq ID no 52) 

ACG CCA TCA CCC CAC (selected from positions 637-660 In Figure 4D), (Seq ID no 53) 

CGA CGT GTC CCT GAC (selected from positions 704-712 in Figure 4D), (Seq ID no 54) 

ACT ACA CCC CAA AGG (selected from positions 763-789 in Figure 4E). (Seq ID no 55) 

CAC GCT TTT ACA CCA (selected from positions 1 060-1 074 in Figure 4E), (Seq ID no 56) 

25 GCG ACT ACA CAT CCT (selected from positions 1 1 77-1 1 85 In Figure 4E), (Seq ID no 67) 

CGG CGC ATA ATC ACT (selected from positions 1259-1265 In Figure 4F), (Seq ID no 68) 

CCA CAT CCA CCG TAA (selected from positions 131 1-1327 in Figure 4F). (Seq ID no 59) 

CGC TGA ATG GGG GAC (selected from positions 1345-1348 in Figure 4F). (Seq ID no 60) 

GGA GCT TCG CTG AAT (selected from positions 1361-1364 In Figure 4G), (Seq iD no 61) 

30 CGG TCA CCC GGA GCT (selected from positions 1361-1364 In Figure 4G). (Seq ID no 62) 

GGA CGC CCA TAC ACG (selected from positions 1556-1570 in Figure 4G), (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-1613 in Figure 4H), (Seq ID no 64) 

AAT CGC CAC GCC CCC (selected from positions 1626-1638 in Figure 4H), (Seq ID no 65) 

CAG CGA AGG TCC CAC (selected from positions 1651-1659 in Figure 4H), (Seq ID no 66) 

35 GTC ACC CCA TTG CTT (selected from positions 1675-1677 In Figure 4H). (Seq ID no 67) 

ATC GCT CTC TAC GGG (selected from positions 1734-1741 in Figure 4H), (Seq ID no 68) 

GTG TAT GTG CTC GCT (selected from positions 1847-1853 in Figure 41), (Seq ID no 69) 

ACG GTA TTC CGG GCC (selected from positions 1967-1976 In Figure 41), (Seq ID no 70) 

GGC CGA ATC CCG CTC (selected from positions 2006-2010 In Figure 41), (Seq ID no 71) 

40 AAA CAG TCG CTA CCC (selected from positions 2025-2027 in Figure 41). (Seq ID no 72) 

CCT TAC GGG TTA ACG (selected from positions 2131-2132 in Figure 4J). (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 in Figure 4J), (Seq ID no 74) 
TGG CGT CTG TGC TTC (selected from positions 2396-2405 in 
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Figure 4J and Figure 4K), (Seq ID no 75) 

CGA CTC CAC ACA AAC (selected from positions 2416-2420 in Figure 4K). (Seq ID no 76) 

GAT AAG GCST TCG ACG (selected from positions 2474-2478 in Figure 4K), (Seq ID no 77) 

ATC CGT TGA GTG ACA (selected from position 2687 In Figure 4K), (Seq ID no 78) 

5 CAG GCC GTT ATC CCC (selected from position 271 9 In Figure 4K). (Seq ID no 79) 

AAC CTT TGG GAC CTG (selected from position 2809 In Figure 4L). (Seq ID no 80) 

TAA AAG GGT GAG AAA (selected from positions 3062-3068 in Figure 4L). (Seq ID no 81) 

GTC TGG OCT ATC AAT (selected from positiohs 3097-3106 In Figure 4L), (Seq ID no 82) 

10 AGA TTG CCC ACG TGT (selected from positions 1 35-1 36 in Figure 5A), (Seq ID no 83) 

AAT CCG AGA AAA CCC (selected from positions 472-475 in Figure 5A), (Seq ID no 84) 

GCA TTA CCC GCT GGC (selected from positions 1 136-1 144 in Figure 6B). (Seq ID no 85) 

TTA AAA GGA TTC GCT (selected from posiUons 1287-1202 In Figure 5B), (Seq ID no 86) 

AGA CCC CAA TCC GAA (selected from position 1313 In Figure 5B), (Seq ID no 87) 

15 GAC TCC GAC TTC ATG (selected from position 1334 in Figure 5B), (Seq ID no 88) 

GTC TTT TCG TCC tGC (selected from positions 2568-2669 in Figure 6)^ (Seq ID no 89) 

GTC TTA TCG TCC TGC (selected from positions 2568 in Figure 6). (Seq ID no 90) 

GTC TTC TCG TCC TiSC (selected from positiohs 2568 in Figure 6), (Seq ID no 91) 

- 20 GTC TTG TCG TCC TGC (selected from positions 2568 in Figure 6). (Seq ID no 92) 

GTC TAT TCG TCC TGC (selected from positions 2558 in Figure 6), (Seq ID no 93) 

GTC TCT TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 94) 

GTC TGT TCG TCC TGC (selectecf from positions 2568 in Figure 6), (Seq ID ho 95) 

25 TTG GCC GGT GCT TCT (selected from positions 452 in Figure 7). (Seq ID no 96) 

TTG GCC GGT ACT TCT (selected from positions 452 in Figure 7). (Seq ID no 97) 

TTG GCC GGT CCT TCT (selected from positions 452 In Figure 7). (Seq ID no 98) 

TTG GCC GGT TCT TCT (selected from positions 452 in Figure 7). (Seq ID no 99) 

ACC GCG GCT GCT GGC (selected from positions 473-477 In Figure 7), (Seq ID no 100) 

30 ACC GCG GCT ACT GGC (selected from positions 473 in Figure 7). (Seq ID no 101) 

ACC GCG GCT CCT GGC (selected from positions 473 in Figure 7), or (Seq ID no 102) 

ACC GCG GCT TCT GGC (selected from positions 473 in Figure 7), (Seq ID no 103) 

CGG CAG CTG GCA CGT (selected from positions 474 in Figure 7). (Seq ID no 104) 

CGG CCG CTG GCA CGT (selected from posHions 474 in Figure 7), (Seq ID no 105) 

35 CGG CTG CTG GCA CGT (selected from positions 474 In Figure 7), (Seq ID no 106) 

CGT ATT ACC GCA GCT (selected from positions 477 in Rgure 7), (Seq ID no 107) 

CGT ATT ACC GCC GCT (selected from positions 477 in Figure 7), (Seq ID no 107) 

CGT ATT ACC GCT GCT (selected from positions 477 in Figure 7), (Seq ID no 109) 

TTC CTT TGA GTT TTA (selected from positions 865-866 in Figure 7). (Seq ID no 1 1 0) 

40 TTC CTT TAA GTT TTA (selected from positions 865 In Rgure 7). (Seq ID no 1 1 1) 

TTC CTT TCA GTT TTA (selected from positions 866 In Figure 7), (Seq ID no 1 12) 

TTC CTT TTA GTT TTA (selected from positions 865 In Figure 7), (Seq ID no 1 1 3) 

TTC CTT AGA GTT TTA (selected from positions 866 In Figure 7), (Seq ID no 1 14) 
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TTC CTT CGA GTT TTA (selected from positions 866 in Figure 7), (Seq ID no 1 15) 

TTC CTT GGA GTT TTA (selected from positions 866 in Figure 7). (Seq ID no 1 16) 

CAT GTG TCC TGT GGT (Seq ID no 117) 

CGT CAG CCC GAG AAA (Seq ID no 1 18) 

CAC TAG ACA CGC TCG (Seq ID no 1 19) 

TGG CGT TGA GGT TTC and (Seq ID no 120) 

AAC ACT dec TTT GGA (Seq ID no 123) 

and a mixture of such probes. 

23. Peptide nuclieic acid probes according to claim 22, wherein the Qs of adjacent moieties 
are selected so as to form the following subsequences 

TCA CCA CCC TCC TCC (Seq |D no 6) 
15 CCA CCC TCC TCC (modified Seq ID no 6) 

ACT ATT CAC ACG CGC (Seq ID no 8) 

CCA CAC CCA CCA CAA (Seq ID no 1 2) 

AAC TCC ACA CCC CCG (Seq ID no 16) 

ACT CCA CAC CCC CGA (Seq ID no 17) 

20 ACT CCG CCC CAA CTG (Seq ID no 22) 

CTG TCC CTA AAC CCG (Seq ID no 23) 

TTC GAG GTT AGA TGC (Seq ID no 24) 

GTC CCT AAA CCC (3AT (Seq ID no 25) 

GACCTATTGAACCCG (Seq ID no 29) 

25 

GCA TCC CGT GGT CCT (Seq ID no 33) 

CAC AAG ACA TGC ATC (Seq ID no 34) 

GGC TTT TAA GGA TTC (Seq ID no 40) 

30 GAT CAA TGC TCG GTT (Seq ID no 44) 

CGA CTC CAC ACA AAC (Seq ID no 76) 

GCA TTA CCC GCT GGC (Seq ID no 85) 

35 GTC TTA TCG TCC TGC (Seq ID no 90) 

GTC TTC TCG TCC TGC (Seq ID no 91) 

GTC TTG TCG TCC TGC (Seq ID no 92) 

GTC TAT TCG TCC TGC (Seq ID no 93) 

GTC TCT TCG TCC TGC (Seq ID no 94) 

40 GTC TGT TCG TCC TGC (Seq ID no 95) 



AAC ACT CCC TTT GGA 



(Seq ID no 123) 
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CATGTGtCCtGTGGT 
CGTCAGCCCGAGAAA 



(Seq ID no 117) 
(Seq ID no 118) 



5 CAC TAG ACA CGC TCG, 
TGG CGTTGAGGTTTC 



(Seq ID no 119) 
(Seq ID no 120) 



and a mixture of such probes. 



10 24. Peptide nucleic acid prot>es according to claim 22 or 23 selected from 



Lys(FIU)-Lys(Fiu)-TCA CCA CCC TCC TCC-NHa 
Lys(Flu)-Lys(Flu)-CCA CCC TCC TCC-NHj 
Lys(nu)-Lys(Flu)-ACT ATT CAC ACG CGC-NHa 

15 Lys(Flu)-ACT ATT CAC ACG CGC-NH^ 

Lys(Flu)-Lys(Flu)-CCA CAC CCA CCA CAA-NHj 
Ly8(Flu)-Ly8(Flu)-AAC TCC ACA CCC CCG-NH2 
Lys(F!u)-Ly8(Flu)^\CT CCA CAC CCC CGA-NH2 
Lys(Flu)-Lys(Flu).ACT CCG CCC CAA CTG-NHj 

20 Lys(Flu)-Lys(Flu)-CTG TCC CTA AAC CCG-NHj 
Lys(Flu)-Lys(Flu)-TTC GAG GTT AGA TGC-NHj 
Lys(Flu)-TTC GAG GTt AGA TGC-NHa 
Lys(Ru)-Lys(Fiu)-GtC CCT AAA CCC GAT-NHa 
Lys(Flu)-GTC CCT AAA CCC GAT-NHj 

25 Lys(Flu)-GAC CTA TTG AAC CCG-NHj 

Ly8(Flu)-Lys(Fiu)-Gly-GCA TCC CGT GGT CCT-NHa 
Lys(Flu)-Lys(Flu)-CAC AAG ACA TGC ATC-NHj 
Lys(Flu)-CAC AAG ACA TGC ATC-NHj 
30 Lys(Flu)-GGC TTT TAA GGA TTC-NH2 
Lys(Rho)-6GC TTT TAA GGA TTC-NHj 

Flu-p-Ala-p-Ala-GAT CAA TGC TCG GTT-NHa 
Flu-^AIa-Mla-CGA CTC CAC AGA AAC-NHj 

35 

Flu-^AIa-p^Ala-GCATTA CCC GCT GGC-NHj 

Lys(Flu).GTC TTT TCG TCC TGC-NHj 
Lys(Rho)-GTC TTA TCG TCC TGC-NHj 
40 Lys(Rho)-GTC TTG TCG TCC TGCNHj 
Lys(Rho)-GTC TTG TCG TCC TGC-NHj 
Lys(Rho)-GTC TAT TCG TCC TGC-NHj 



(OK 446/modified Seq ID no 6) 
(OK 575/modified Seq ID no 6) 
(OK 447/modified Seq ID no 8) 
(OK 688/modrfied Seq ID no 8) 
(OK 448/modified Seq ID no 12) 
(OK 449/modifled Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/m6dified Seq ID no 22) 
(OK aos/modified Seq ID no 23) 
(OK 306/nru>dified Seq ID no 24) 
(OK 682/nfK)dlfied Seq ID no 24) 
(OK 307/modlfled Seq ID no 25) 
(OK 654/modified Seq ID no 25) 
(OK 66Q/modified Seq ID no 29) 

(OK 223/modifted Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655ymodifi^ Seq ID no 34) 
(OK 689/modified Seq ID no 40) 
(OK 702/modified Seq ID no 40) 

(OK 624Anodified Seq ID no 44) 
(OK 612/modified Seq ID no 76) 

(OK 623/hK>dified Seq ID no 85) 

(OK 745/modlfied Seq ID no 89) 
(OK 746/modified Seq ID no 90) 
(OK 746/modiried Seq ID no 91) 
(OK 746/modifi6d Seq ID no 92) 
(OK 747/rnodified Seq ID no 93) 
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Lys{Rho)-GTC tCTTCG TCC TGC-NHj 
Ly8(Rho)-GTC TGT TCG TCC TGC-NH2 



(OK 747/modified Seq 10 no 94) 
(OK 747/modif(ed Seq ID no 95) 



Ly8(FiuHVAC ACT CCC TTT GGA-NH^ 



(OK 749/modified Seq ID no 123) 



wherein Flu denotes a 5-(and 6)-carbo)cyfluoroesoein label and Rho denotes a rtiodamine 
label. 

and a mixture of such probes. 

25. Use of a peptide nucleic acid probe according to any one of claims 1 to 24 or a mixture 
thereof for detecting a target sequence of one or more mycobacteria optionally present in a 
sample. 

26. Use of a peptide nucleic acid probe or a mixture thereof according to claim 25 for detecting 
a tiarget sequence of one or more mycobacteria of the Mycobacterium tuberculosis Complex 
(MTC), in particular a target sequence of M. tuberculosis. 

27. Use of a peptide nucleic acid probe or a mixture thereof according to claims 25 for 
detecting a target sequence of one or more mycobacteria other than rriycobacteria of the 
Mycobacterium tuberculosis Complex, in particular a target sequence of one or more 
mycobacteria of the Mycobacterium avium Corhplex. 

28. Method for detecting a target sequence of one or more mycobacteria optionally present in 
a sample comprising 

(1) contacting any rRNA or rDNA present in said sample witti one or more peptide 
nucleic acid probes according to any one of claims 1 to 24 or a mixture tttereof under 
conditions, whereby hybridisation takes place between said probe(s) and said rRNA 
or rDNA, and 

(2) observing or measuring any formed detectable hybrids, and relating said 
observation or measurement to the presence of a target sequence of one or more 
mycobacteria in said sample. 

29. Method according to daim 28 for detecting a target sequence of one or more 
mycobacteria of ttie Mycobacterium tuberculosis Complex (MTC), In particular a target 
sequence of M. tuberculosis. 

30. Metiiod according to claim 28 for detecting a target sequence of one or more 
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mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex. 

31 . Method according to any one of claims 28 to 30. wherein the hybridisation takes place In 
situ. 

5 

32. Method according to any of of claims 28 to 30. wherein the hybridisation takes place in 
vitro. 

33. A method according to any one of claims 28 to 32, 

10 characterised in that a signal amplifying system is used for measuring the resulting 
hybridisation. 

34. Method according to any one of claims 28 to 33, wherein the sample is a sputum sample, 

15 35. Kit for detecting a target sequence of one or more mycobacteria, in particular a target 

sequence of one or more mycobacteria of the Mycobacterium tuberculosis Complex (MTC). in 
parttoular a target sequence of M. tuberculosis, and/or for detecting a target sequence of one 
or more mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex 
(MOTT), In particular a terget sequence of one or more mycobacteria of the Mycobacterium 

20 avium Complex, 

characterised in that said kit comprises at least one peptide nucleic acid probe 
according to any one of claims 1 to 24. and optionally a detection system with at least one 
detecting reagent. 

25 36. Kit according to claim 35, ' 

characterised in that it further comprises a solid phase capture system. 
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130 



140 



150 



160 



1093 

422 

422 

507 

432 

207 

150 

2588 



GGGGAAACCCAGCACGAGTGATGTCGT aCTACCCGCATb T M. tuberculosis 



TCT M. avium 
TCT M.paratuberc. 
M,phlei 



GGGG aaACCCAGCAGGAGTGATGTCGTGjljTACCCG 
GGGG S AACCCAGCACGAGTGATGTCGTG OTACCCG 

GGGGgftACCC^CACGAGTGATGTCGTG rOACCCftAC^T . . , , 

GGGGAAACCCA@CACGAGl&L@GTCGTGim^ M, leprae 

GGGGAAACCCAGCACGAGIHATGTCGTG I TACCCGjip^TCT M . g as t r i 
GGGGAAACCCAGCACGAGTGATGTCGTG IjTACCCGCATCT M . kans as i i 
GGGGAAACCCgGCACGAGTGATGTCGTGlrqACCfe l^g CT smegmatis 



210 220 230 240 

CATCTCAGTACCCGTAGGqgaAGAAAACAATTGTGATTCC M 



1172 _ 
501 CATCTCAGTACCCGTAGGAG 
501 CATCTCAGTACCCGTAGGA( 
586 CATCTCAGTACCCGTAG^i 
511 CATCTCAGTACCCGTAGGAi 
286 CATCTCAGTACCCGTAGGAI 
229 CATCTCAGTACCCGTAGG 
2667 CATCTCAGlQcCCGTAGG 



lGAAAACAATTGTGATTCC M 
rAAAACAATTGTGATTCC M 
lGAAAACAATTGTGATTCC M 
lGAAAACAATTGTGATTCC M. 



VGATU^C 
LGAAAAC 

;agaaaa( 




fTGATTCC 
rTGATTCC 



TGATTCC M 
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330 340 350 360 

1289 TGTGGGJfe-GATATfiTnTrAGnRCTannnr ^GCTGAfin-Gfl M ■ 




ATATGTCTCAGC rCTACC 
lATATGTCTCAGC I CTACC 



617 tgtggg: 

617 tgtggg: 

703 TGTGGi 
629 

404 TSTGGGAfrClGATJcjqGTCTCAGCfllCTACCCGGCTGAGl 

347 TGTGGGft rqSATA C GTCTCAGC I CTACCC66CTGAL, 

2785 TGTGGGApCllATMTCPc^cyCTACCl^ 



jGctg: 

^JGCTGAI 

rGTcHcAffl c^ccg ccGG di: 

TGTGGGAfrilGHTATGTCTCAycS CTACC@GG|TGA( 
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Figure 1A 
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370 3iB0 390 400 

1327 ^GTCAGAARGTGTCGTGGTTAGCGGAAGTGGCCTGGGAT M. tuberculosis 
"".GTCAGAJUVGTGTCGTGGTTAGCGGAAGTGGCCTGGGaB M . avium 

.GTCAGAAAGTGTCGTGGTTAGCGGAAGTGGCCTGGGAg M.paratuberc . 
LGTgAgRAAGlCAG^GTGGTTAG^AAGTGGCCTGGGAT M. phlei 
_ lGTCAGAAAGTg1^GTGGTTAGCGGAA@TGGCCTGGGAT M. leprae 
cagtcagaaagtgtcgtggttaHcggaagtggcctgggat M - g ast r i 

CAGTCAGAAAGTGTCGTGGTTAgCGGAAGTGGCCTGGGAT M- Icansaaii 
2823 CAGTgAGAAAgtGTgGTGGTTAGCGGAAgrGGCgTGGGAT M-smegmatis 




450 



460 



470 



480 



1406 CGGCACCTGCCT^^pVTCAATTCCCGAGTAGCAGCGGGCC M. 
735 CGGCACCTGCCT I^ATCTVaESIcCCGAGTAGCAGCGGGCC M. 
735 CGGCACCTGCCTfr; yrATCAAb ?jcCCGAGTAGCAGCGGGCC M. 
820 fe^T^cHGC fiCTCACAGG-'-l TCCCGAGTAGCAGCGGGC M. 
747 {gGGCACCTGCc5|l|GTATCAATTCCCGAGTAGCAGCGGGCC M. 
522 CGGCACCTGCCT I GTATC7U\TTCCCGAGTAGCAGCGGGCC M . 
465 CGGCACCTGCCT I GTATCAATTCCCGAGTAGCAGCGGGCC M • 
2902 CGgc^CTGHCTPlG lftTGGT^ TCCCGAGTAGCAGCGGGCC M- 
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490 



500 



510 



520 



775 
857 
787 
562 
505 



1446 CGTGGAATdcGCTGTGATVTCCCnnfiPianrnBrrrr-CTTiTira M. tuberculosis 
775 CGTGGAATCp GCTGTGAATCfijGCCGGGACCACCCGGTAAG M . avium 

CGTGGAATC I GCTGTGAATC I GCCGGGACCACCCGGTAAG M . pa r at ube rc . 
CGTGGAATC I GCTGTGAATC 1 GCCGGGACCACCCGGTAAG M . ph le i 
CGTGGAATC I GCTGTGAATC T GCCGGGACCACCCGGTAAG M. leprae 
CGTGGAATC I GCTGTGAATC I GCCGGGACCACCCGGTAAG M. gastri 
CGTGGAATC I GCTGTGAATC I GCCGGGACCACCCGGTAAG M. kansasii 
2942 CGTGGAATCgjGCTGTGAATCgjGCCGGGACCACCCGGTAAG M.smegmatis 



Figure IB 
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610 



620 



630 



640 



1566 GTACCTQAARCCGTGTGCCTACAATCCGTCAGAGCC frCCT M. tuberculQc^S 
894 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTCCT M . avium 
894 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTCCT M . par at Ube rc . 
976 GTACCTGAAACCGTGTGCCTACAATCCGTCJV^GCC ^TfcT M.phlei 
907 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTC i|t M . leprae 
682 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCcBgiT M.gastri 
625 GTACCTGAAACCGTGTGCCTAGAATCCGTCAGAGCC::TaT M. Jcansasii 
3062 GTACCTGAAACCGtGgGCgTACAATCCGTCTGAGCqcrj^ M- smegmatis 



650 



660 



670 



680 



'TTTaaTaTacGGViGGn^^afvfizan^n^^ M. tuberculosis 

1g i G 3 GGTGATGGCGTGCCTTTTGA M . avium 

3 1 G 3 GGTGATGGCGTGCCTTTTGA M . par at ube rc . 
\G I GS GGTGATGGCGTGCCTTTTGA M.phlei 
-^IGSGGTGATGGCGTGCgTTTTGA M. leprae 
— G I G G GGTGATGGCGTGCCTTTTGA M.gastri 
, _ -GIGS GGTGATGGCGTGCCTTTTGA M.kansasii 
3102 fiCGT( ^- ^ b MGlGbGTGATGGCGTGCCTTTTfia M.smegmatis 




690 700 710 720 

1646 AGAATGAGCCTGCGAGTCAGGGAC; iTGTCGCfli \GGTTAAC M. 
4 AGAATGAGCCTGCGAGTCAGGGACATGTCGCAAGGTTAAC M. 
959 AGAATGAGCCTGCGAGTCAGGGACjjaGTCGCBAGGTTAAC M. 
23 AGAATGAGCCTGCGAGTCAGGGACACGTCGCGAGGTTAAC M, 
959 AGAATGAGCCTGCGAGTCAGGGACfl^TCGCGAGGTTAAC m! 
1046 AGAATGAGCCTGCGAGTCAGGGACATGTCGCGAGGTTAAC m! 
972 AGAATGAGCCTGCGAGTCAGGGACATGTCGCGAGGTTAAC M. 
747 AGT^TGAGCCTGCGAGTCAGGGACATGTCGCGAGGTTAAC M. 
690 AGAATGAGCCTGCGAGTCAGGGACATGTCGCG7VGGTTAAC M. 
3132 AGAATGAGCCTGCGAGTCAGGGACATGTCGC3AGGTTAAC m! 



tuberculosis 
bo vis 
avium 

intracellulai 

paratuberc. 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



Figure 1C 



wo 98/15648 



PCT/DK97/00425 



4/31 



1726 
84 

1039 

103 

1039 

1126 

1052 

827 

770 

3212 



770 

mlm 



780 790 800 

dGACCCACACGCGCATACGCGCGTGTGA^j TAGTGGCGTG'r M, 

CG ACCCAC ACGCGCATACGCGCGTGTGAATAGTGGCGTGT M, 
CG 




'GGGGIGT AGTGGCGTGT M 

'GGSGIGT AGTGGCGTGT M, 

;T1tlTrGG3|GfIGTh" AGTGGCGTGT M, 

iTGrTGGgGTTGGTG^ AGTGGCGTGT M. 

CGpAT — ICACG]ijGrGAGpGljG|iGTp- AGTGGCGTGT M. 

CG TAT^ - CACGCGgH^G CG 1 6 1 GT AGTGGCGTGT M . 

CG TAT — ^CGCGC SAG CGpjGpjGT AGTGGCGTGT M . 

CGfTAT — Ic bACACjy ^^ jsTGTGTGP TGfr-^^GTG M, 
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970 



980 



990 



1000 



1926 

1228 

1228 

1322 

1244 

1019 

962 

3408 



ATTTAGGTGCAGCGTTGCGTGGTTCACCfcpGGAGGTAGAG M. tuberculosis 
ATTTAGGTGCAGCGTTGCGTGGTTCACCflCGGAGGTAGAG M. avium 
ATTTAGGTGCAGCGTTGCGTGGTTCACch CGGAGGTAGAG M-paratuberc - 
ATTTAGGTGCAGCGlgGC^G@TTCfTOT CGGAGGTAGAG M . phle i 
ATTTAGGTGCAGCGTTGCGTGGTTCAC^CGGAGGTAGAG M. leprae 
ATTTAGGTGCAGCGTTGCGTGBtTCACC R CGGAGGTAGAG M . g ast ri 
ATTTAGGTGCAGCGTTGCGTG I TTCACCp CGGAGGTAGAG M. Jcansasii 
ATTTAGGTGCAGCGl@GCgrG0rTC|fGC CGGAGGTAGAG M . smegmat i s 



1050 



1060 



2005 
1307 
1307 
1401 
1323 
1098 
1041 
3486 



CAGCCAAACTCCGAATGCCG-TGGT6" 
CAGCCAAACTCCGAATGCCG-TGGTG 
CAGCC7U\ACTCCGAATGCCG-TGGTG 

cagccaaactccgaatgccgRtSag^ 



1070 




cagccaaactccgaatgccg-tgg 
cagccaaactccgaatgccg- tggtg 
cagccatu^ctccgaatgccg-tggtg 
cagccaaactccgaatgcci 



10.80 

-E^^pCGTGGCA M. 

-taSaagcgtggca m, 

•TApAAGCGTGGCA M. 
-T&iAAGgGTGGCA M. 

•tmaagcgtggca m, 
■taiaHgcgtggca M. 

■TAIg JgCGTGGCA M. 
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1130 



1140 



1150 



1160 



2082 
1385 
1385 
1479 
1401 
1175 
1118 
3566 



acagcccagatcgccggctaaggccccHragcgtgtgcta 
acagcccagatcgccggctaaggcccc i aagcgt6tgcta 
acagcccagatcgccggctaaggcccc 1 ragcgtgtgcta 
acagcccagatcgccggctaaggcccc i ragcgtgtgcta 
acagcccagatcgccggctaaggcccc r ragcgtgtgcta 
acagcccagatcgccggctaaggcccc r ragcgtgtgcta 
acagcccagatcgccgg@taaggccc4puvgcgt@rg@ta 
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2241 
1544 
1544 
1638 
1560 
1334 
1277 
3726 



2280 
1583 
1583 
1676 
1600 
1367 
1310 
3764 



1290 1300 1310 1320 

ctct^gcacaccgccgaagccgcggcaca tIccaccttgt- m 
ctcaagcacaccgccgaagccgcggcaca 

CTCAAGCACACCGCCGAAGCCGCGGCACA' 



CTCAAGCACACCGCCGAAGCCGCGGCAF-AT C7^ 3 



ctcaagcacaccgccgaagccgcggcaca' 
ctcaagcacaccgccgaagccgci 
ctcaagcacaccgccgaagccgcl , 
Stcaagcagaccgccgaagccgcgi 



CATCTT-TR M 
:A|rCTT-TR M 
C§TIT3 M 




\CCTTpfip M 
CCISC—A M. 
.CCSC~fl M, 



1330 . 1340 1350 1360 

-GGTGGGTGb GGGTAGGGGAGCGTCCCTCATTnZVflrflaTXP: M, 



attcagcgaag m. 
:attcagcgaag m. 



C GGTGGta TGTGGGTAGGGGAGCGTCO 

c ggtggytgtgggtaggggagcgtco 
iggHggtgtgggtaggggagcgtcc^cai@c|g@gaag M 

SGGTGG^TGTGGGTAGGGGAGCGT@CCTCATTCAGCGAAG M 
A GGlp- - -^GGGTAGGGGAGCGTCCCTCATTCAGCGAAG M 

r |gGt| TGGGTAGGGGAGCGTC CCTCA TTCAGCGAAG M 

prp --I rGGGTAGGGGAGCGTCClTS^T^^cgGgGAAG M 
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1370 



1380 



1390 



1400 



2319 
1623 
1623 
1716 
1640 
1402 
1345 
3796 



IGGGTGACCGGTGGTGGAGGGTGGGGGAGTGAGAAT M . 
cfi^CGGGTGACCGGTGGTGGAGGGTGGGGGAGTGMAAT M. 



OT-CCGGGTGA] 
COGCCG^TGAg 



IGGTGGTGGAGGGTGGGGGAGTGAGAAT M, 
_ _ :GGT6GTGGAGGGTGgGGGAGTGAGAAT M, 
CC T CCGGGT@ACCGGTGGTGGAGGGTGGGG^GTGAGAAT M < 

COG ccgggtgaccggtggtggaggBtgggggagtgagaat M , 
OTG ccgggtgaccggtggtggagghtgggggagtgagaat m , 

GqgCCG@GT^C^GTGGTGGAGGGTG@GGGAGTGAGAAT M. 



2359 
1662 
1662 
1756 
1680 
1442 
1385 
3836 



1410 1420 1430 1440 

GCAGGCATGAGTAGCG/IS^AGGCAAGTGAGAACCTTGCCC M. 
GCAGGCATGAGTAGCGA iIaAGGCAAGTGAGAACCTTGCCC M . 
GCAGGCATGAGTAGCGA iUaGGCAAGTGAGAACCTTGCCC M . 
GCAGGCTlTGAGTAGCGAIMGGCAAGTGAGAACCTTgcCC M. 
GCAGGCATGAGTAGCGA ipJVGGCAAGTGAGAACCTTGCCC M. 
GCAGGCATGAGTAGCGA IjRAGGCAAGTGAGAACCTTGCCC M . 
GCAGGCATGAGTAGCGA i|aA6GC7\AGT6A6AACCTTGCCC M. 
GCAGGCATGAGTAGCGAfrmGGCAAGTGAGAACCTTgcCC M. 
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2519 
1821 
1821 
1915 
1840 
1602 
1545 
3996 



1570 1580 1590 1600 

C qCCCGTGAq3 AATCA--GCGG'rACTajvr!nnnnpnn t^tl nnn m, 
CGICCCTGAIGAATCA-GCGGTACTAACCACCCAAAACCG M. 
CG I CC C TGA I GAATC A-GCGG TACTAACCACCCAAAACCG M, 
CGycqqTGA I GAATC ^CATTCR fiCTAACCACCCAAAACCg M. 
CGCCCGTGAIGAATCA-GCGGTACT^ICCACCCAAAACCG M, 
CGCCCGTGAIGAATCA-GCGGTACTAACCACCCAATUICCG M. 
CGCCCGTGA I GAATCA-GCGGTACTAACCACCCAAAACCG M . 
CG@CC@TGAy6AATCA-GCGGTACTAACCTi|cCAAAACC@ M. 
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1610 



1620 



1630 



1640 



2558 
1860 
1860 
1955 
1879 
1641 
1584 
4035 



GAT-CGATCAC-TCCCCTTCGGGGG-^ 



gat-cg; 

GAT-CG7 



TCCCCTTCGGGGG 3- GTGC 
TCCCCTTCGGGGGbHGTGi 

TG^ 



G^^CGATcT-WCCOrTCGGGi , 
GAT- CGflHcfllr^rCCCCTTCGGGGl 
GAT-CGATCAC-TCCCCTTCGGGGGbV- 
GAT-C GATCAC- T CCCC TTCGGGGG C^ GTGG AL ^ 
fiCCGljG AHcBc^cF^TCGGGGppTGTGGgGT 



GTGGAGTTC-T M 



GGAG|( 
GTGGAC 




-tuberculosis 
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.paratuberc. 

.phlei 
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1650 



1660 



1670 



1680 



2594 
1896 
1896 
1986 
1917 
1677 
1620 
4071 



GGCTGCGTGGGAACTTCGCTGGTAGTAGTCAAGC ^fiAE GG M, 
GGCTGCGTGGGABcTTCGCTGGTAGTAGTCAAGotE r GGG M , 
GGCTGCGTGGGA C CTTC GCTGGTAGTAGTCAAGC^ I GGG M . 
GGCTGCGTGGGAlqc lCG^ ^^GTAGTAGTCAAGCGfl I GGG M . 
GGCTGCGTGGGAACTTCGgJrGGTAGTAGTCAAGCGA I GGG M , 
GGCTGCGTGG^GdCTTCGCTGGTAGTAGTCAAGCGfl 1 GGG M . 
GGCTGCGTGGfiGC CTTCGCTGGTAGTAGTCAAGCGA I SGG M . 
GGCTGCgTGGGSgCTTCGgTGGTAGTAGTCAAGCGAIGGG M. 
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1690 



1700 



1710 



1720 



2634 
1936 
1936 
2025 
1957 
1717 
1660 
4111 



- GTGACGCAGGAAGGl 
-GTGACGCAGGAAGi 



- GTGACGCAGGAAGGTAGCCGTACCAGTCAGTGGTAfl3\- M . tube rculo S i S 

avium 

paratuberc - 
phlei 
leprae 
gastri 

_ kansasii 
-GTGACGCAGGAAGGTAGCCGTACCgGTCAGTGGTAngA- M - srrtegmat i s 



.gccgtaccagtcagtggtaaHa- M. 

.GCCGTACCAGTCAGTGGTAfipk- M. 

gtgacgcaggaaggtagccgtaccagtcagtggta7\kk" m- 
gtgacgcaggaaggtagccgtaccagtcagtggtamK" M. 



- GTG ACGC AGGAAGG 
-GTGACGCAGGAAGC 



SCCGTACCAGTCAGTGGTAnjm- M. 
\GCCGTACCAGTCAGTGGTAAbfev- M. 
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2672 
1974 
1974 
2063 
1995 
1755 
1698 
4149 



1730 1740 1750 1760 

-CTGGGGCAAGC(i222aa2!3^GAGCGATAGGCAM M. tuberculosis 

-CTGGGGCAAGCCSgTAgF^GAGCGATAGGCAAATCCGT M. avium 
"CTG66GCAAGCC C GTAGtlgGAGCGATAGGCAAATCCGT M - par atuberc . 
-C§3GGG@AA@CC I GTAGGGgGAGgGATAGGCAAATCCGT M . phlei 
-CTGG§GCAAGCCCGTAGGGAGAGCGATAGGCAAATCCGT M. leprae 
-CTGGGGCAAGCC R GTAGGGAGAGCGATAGGCAAATCCGT M . g as t r i 
- CTGGGGCAAGCC A GTAGGGAG AGC GATAGGCAAATCCGT M. kansasii 
-c|GG@G@AAGCG|]^TAGGGAGi^ATAGG|AAATCCGT M.smegmatis 



2908 
2208 
2208 
2298 
2231 
1910 
1934 
4385 



1970 1980 1990 2000 

AGGGGClACCGGAATATt:fiTGARnar:rrTTnrr:r!^r!r!r^Tir:ir^ jwj. 



agggggHccggaat: 

AGGGGGgCCGGAAT 
AGGGGGACC^C^. 



JCGTGAACACCCTTGCGGTGGGAGC M 
:GTG AACA CCCTT6CGGTGGGAGC M 

^ — ;r^CGTGA|SGgc|^CTTGCGGgGG^GC M 

AGGGGG§CCGGAAtATCGTG7\ACACCCTTGCGGTGGGAGC M 

M 

agggggacc gga ataBcgtgaacacccttgcg gtggga gc m 
agggggacc|^at^cgtg|a^cc|ti@cgg^^agc m 
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3345 

284 

2645 

393 

2645 

2737 

2668 

1910 

2372 

4822 



2410 



2420 



2430 



2440 



AC icTCGACGCCAGTTGGGGCC GAGTCGTTGTTGAAATOrr! M. 
ACCTCGAC6CCAGTTGGGGCGGAGTCGTTGTT6AAATACC M . 

"lc3GACGCCAGTTjl|GHGfflGGAG^ M. 
AITACA GACGCCAGTT I GpAipGAGTCGTTGTTGAAATACC M . 

ICTGACGCCAGTTIGjljGfrGGAGTCGTTGTTGAAATACC M. 
« ^CqGACGCCAGTT|gGGGI GGAGf CGTTGTTGA7VATACC M. 
ACgTCGACGCp\GTTGGGG[ljGGAGTGGTTGTTGAAATACC M. 

M. 



AC CTCp ACGCCAGTTGGGGfl 
I ^CACI ACGCCAGT^^GG 



3GAGTCGTTGTTGAAATACC M, 
5GAGTCGTTGTTGAAATACC M. 
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2450 



3385 

324 

2685 

433 

2685 

2777 

2708 

1910 

2412 

4862 



2460 



2470 



2480 



ACTCTGRTCGTATTG qGGATCTAACCTCGARCCCTGARTC 
ACTCTGATCGTATTGGGCATCTAACCTCGAACCCTGAATC 
ACTCTGATCGTATTGG 



ACTCTGATCGTATTGG 
ACTCTGATCGTATTGG 



M. 
M. 
M, 

ItATC M. 

TAACgTCGAACCCThlKTC M, 
TC M. 



!A C CTAAC G TCGTVACCCT - T|ATC 
:A C CTAAC 3 TCGAACCCT 




ACTCTGATCGTATtGGGCgrCTAACCTCG^Q 
ACTCTGAT@GTATTG0CATCTAACCTCGAACCgT^^TC M< 

M. 

ACTCTGATCGTATTGGg^gCTAACgrCGAACCCTGAATC M. 
ACTCTGATCGTATTGGGC^CTAACCTCGgACClT^ATC M, 
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2490 2500 2510 2520 

3425 GGGTTTAGb GACAGTGCCTGGCGGGTAGTTTAACTGGGGC M. 
364 GGGTTTAGGGACAGTGCCTGGCGGGTAGTTT7\ACTGGGGC M. 

2724 gggttSaBggacagtgcctggcgggtagtttaactggggc M. 
472 gggttoaHggacagtgcctggcgggtagtttaactggggc m, 
2724 gggttaagggacagtgcctggcgggtagtttaactggggc m. 
2817 bggttgagggacagtgcctggggggtagtttaactggggc m. 
2748 qggtttagggacagtgcctggcgggtagtttaactggggc m, 

2452 gggttcagggacagtgcctggcgggtagtttaactggggc m. 
4902 @ggttgagggacagtgcctgg@gggtagtttaactggggc m- 
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3864 
3163 
3163 
3256 
3187 
1910 
2891 
5342 



2930 2940 2950 2960 

AGTACGAGAGGACCGGGACGGACGAACCTC' JGGTGy cCA M. tuberculosis 
AGTACGAGAGGACCGGGACGGACGAACCTCTGGTfir ACCA M. avium 
AGTACGA6AGGACCGGGACGGACGAACCTCTGGT ACCA M . par atube rc . 
AGTACGAGAGGACCGGGACGGACGAACCTCTGGT ftT ACCA M • phle i 
AGTACGAGAGGACCGGGACGGACGAACCTCTGGlfel^CCA M. leprae 

M. gastri 

agtacgagaggaccgggacggacgaacctciQgtgcacca M . leans a S i i 

AGTACGAGAGGACCGGGACGGACGAACCTCTGGT^ACCA M. smegmatis 
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2970 2980 2990 3000 

3904 GTTGTts^pCAGGGGCACCGCTGGATAGCCAC^ M. 

3203 gttgtcccrcgaggggcacBgctggatagccacgttcggS* M. 
3203 gttgtcccrccaggggcacggctggatagccacgttcggn m. 
3296 gttgtcccrccaggggcaccgctggatagccacgttcggn m. 

3227 GTTGTCgCEjCCAGGGGCACCGCTGGATAGCCACGTTCGGR M 
1910 ^ H, 

2931 GTTGTCC^CCAGGGGCACCGCTGGATAGCgACGTTCGGH M. 
5382 GTTGTCCCgCCAGGGGCACgGCTGGATAGCCACGTTCGGy M. 



tuberculosis 
avium 

paratiiberc. 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



3010 



3020 



3030 



3040 



5944 CA33ATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M. tuberculosis 

3243 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M. avium 

3243 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M.paratuberc • 




^^^0 M. gastri 

2971 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M.kansasii 
5422 CAGGATMCCGCTGAAAGCATCTAAGCGGGAAACCt||tc M. smegmatis 



3090 



3100 



3110 



3120 



4023 

609 

3322 

677 

3322 

3415 

3309 

1910 

3050 

5501 



CCCGC- 
CCCGC- 
CCCGC- 
GGCGC- 
CCCGC- 
CCCGC- 



CCGGC- 
GCGGG- 



AGAAGACGG qTTGAATAGGat ;AGACCTGGAAGCT M- 
AGAACACGGGTTGAATAGGTGAGAGCTGGAAGGT M, 
AGA0GACG"GGShrffG|ATAGG9cAGACCTG6AAGCT M. 

tagg:cagaggtggaaggt m. 
;g|atag^cagaggtggaaggt m. 

TAGggCAGACCTG^^GC§ M. 

M. 
M. 

-AGAAGACGGGTTqmTAGGBGAGAGGTGGAAGGT M. 
-AGAgCACGGG@T^gRTAG^CAGACGTGGAAGCg M, 



AGACCACGGGTT' 
-AGAICAGG& 
AGACGACGGI 
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50 60 70 80 

2 GCGGC6TGCTTAACACATGCAAGTCGAACGGAAR( fc^ci'lfc M. tuberculosis 

141 GCGGCGTGCTfAACACATGCAAGTCGAACGGAAAGGTCTC M.bovis 

39 gcggcgt^ ttaacacatgcaagtcgaacggaaaggBctc m. avium 

1 I ■""■^ TAACACATGCAAGlgGAACGGAAAG^^ M- intracellulare 

39 GCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGfccTC M.paratuberc . 

2 GCGGCGTGCTTAACAgATGCAAGTCGAACGGAAAGGgcgc M. scrofulaceum 

40 GCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGTCTC M. leprae 

2 BCGGGGTGCTTAACACATGCAAGTCGAACGGTWVGGTCTC M . Jeans as i i 

2 GCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGTCTC M.gastri 

4 D GCGGCG TGCTTAACACATGCAAGTCGAACGGgAAGGggrC M . go rdon ae 

1 I I GTGCTTJXACACATGCAAGTCGAACGGAAAGGTCTC M.marinum 



90 



42 

181 

79 

32 

79 

42 

80 

41 

42 

80 

36 



T- 

T- 
T- 
T- 
T- 
T- 



100 110 120 

-TCG OftGATR CTCGAGTGGCGAACfiSgT M. 
-TCGGAGATACTCGAGTGGCGAACGGGT M. 

-tcggagBtactcgagtggcgaacgggt M, 
-tcgggg-tactcgagtggcgaacgggt m. 
-tcggag3tactcgagtggcgaacgggt m. 

-TCGG§G@TACTCGAGTGGCGAACGGGT M 



T [ftAA?UVATCTTTl| T pFa| GAGATACTCGAGTGGCGARCGGGT M. 

CTCGAGTGGCGAACGGGT M. 
, CTCGAGTGGCGAACGGGT M. 

'ACgCGAGTGGCGAACGGGT M. 

TCGGAGATACTCGA@TGGCGAACGGGT M. 



T- 

B-- 

T— 




-TCGGAG 
-TCG6AG 
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70 

209 

107 

59 

107 

70 

120 

69 

70 

104 

64 



130 140 150 160 

GAGTAACACGTGGdT'GkTCTGCCCTGCACTTr!-f;fl(:taTna M, 
GAGTAACACGTGGGTGATCTGCCCTGCACTTC-G6GATAA M , 
GAGTAACACGTGGGjcSAtCTGCCCTGCACtTC-GGGATAA M , 
GAGTAACACGTG6G ATCTGCCCTGCACtTC- GGGATAA M . 
GAGTAACACGTGGG ZPi ATClQcCCTGCACTTC- GGGATAA M . 
GAGTAACACGTGGGra ATCTGCCCTGCACTTC-GGGATAA M , 
GAGTAACACGTGGG^ ATCTGCCCTGCACTTC@GGGAT7\A M. 
G AGTAACACGTGGGpn ATCTGCCCTGCAC£3c- GGGATAA M . 
GAGTAACACGTGGG^ ATCTGCCCTGCAC AqC-GGGATAA M . 
GAGTAACACGTGGG OT^ M , 

GAGTAACACGTGGGRGATCTGCCCTGCACTTC-GGGATAA M . 
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109 

248 

146 

98 

146 

109 

160 

108 

109 

143 

103 



170 180 190 200 

GCCTGGGAAACTGGGTCTAATACCGGATAGGAC fc:ACid^(^ M ■ 

gcctgggaaactgggtctaataccggataggaccacggga m . 
gcctgggaaactgggtctaataccggataggacc^Sga m. 
gcctgggaaactgggtctaataccggataggacc ttto gg m . 

GCCTGGGAAACTGGGTCTAATACCGGATAGGACcfeu^GA M, 
GCCTGGGAAACTGGGTCTAATACCGGATAGGACCACraGB M, 
GCQrGGGAAACTGGGTCTAATACCGGATAGGAC^CMGS M. 
GCCTGGGAAACTGGGTCTAATACCGGATAGGACCAC PI G 3 M . 
GCCTGGGAAACTGGGTCTAATACCGGATAGGACCAC rTOg M . 
GCCTGGGAAACTGGGTCTAATACCG^TAGGACCACg|GGA M. 
GCCTGGGAAACTGGGTCTAATACCGGATAGGACCACGGGA M . 
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149 
288 
186 
138 
186 
149 
200 
148 
149 
183 
143 



210 ^220 230 240 

!l|3CATGTCTTGTGGTGGAAA dcGCTTTAGC GGTGTGgSRT M, 

TGCATGTCtTGTGGTGGAAAGCGCTTTAGCGGTGTGGGAT M 
3GCATGTCT' 
CGCATGTCTTtr: 
CGCATGTCT 



GGTGGAAAGCp^bTTpflcGGTGTGGGAT M 
|gGTGGAAAGC — TTT IpCGGTGTGGGAT M 
_ •GGTGGAAAGC-'ITTT-GCGGTG'I@S@AT M 
Z GCATGgCTTGTGGTGGAAAGC - - TTT I GCGGTGTGGGAT M 
Z GCATGTCTTGTGGTGGAAAGC -T TTT I GCGGTG|c^GAT M 

: gcatgBcttgtggtggaaagc — TTT I GCGGTGTGGGAT m 
qGCATGgCTTGTGGTGGAAAGC — TTT I GCGGTGTGGGAT M 
C^CATGTcS^TGGTGGAAAGC -tJtTT - GCGGTGTGGGAT M , 
ATGTc|qTGTGGTGGA7tflG|HCTTT I GCGGTGTGGGAT M 
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189 

328 
224 
176 
224 
187 
239 
186 
187 
221 
181 



250 260 270 280 

(q3cccgcggcctatcagcttgttggtggggtgacggcct m. 
gagcccgcggcctatcagcttgttggtggggtgacggcct m . 
gBgcccgcggcctatcagcttgttggtggggtgacggcct M , 
g 3 gcccgcggcctatcagcttgttggtggggtgjigggcct m . 

G 3 GCCCGCGGCCTATCAGCTTGTTGGTGGGGTGACGGCCT M . 
G 3 GCCCGCGGCCTATCAGCTEjGTTGGTGGGGTGAgGGCCT M . 
G 3GCCCGCGGCCTATCAGCT^TT§GTGGGGT^CGGCCT M , 
G 3 GCCCGCGGCCTATCAGCTTGTTGGTGGGGTGACGGCCT M , 

G gIgcccgcggcctatcagcttgttggtggggtgacggcct m , 

Gb-|CCCGCGGCCTATCAGCTTGTtGGTGGGGTGA@GGCCT M , 
CCCGCGGCCTATCAGCTTGTTGGTGGGGT^CGGCCT m , 
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389 
528 
424 
376 
424 
387 
439 
386 
387 
420 
381 



450 460 470 480 

TUU^CCTCTTTCACCATCGACGAAGGTCCGGGTTglPCTCGG M, 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTTCTCTCGG M , 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTTfflrCTCGG M< 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTT I TCTCGG M . 

aaacctctttcaccatcgacgaaggtccgggttHtci^g M . 
aaacctctttcaccatcgacgaagl 



CTIffGUGG M, 

AAACCTCTTTCACCATCGACGAAGGTC@GGG^M|rCTCGG M< 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTTCTCTCGG M , 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTTCTCTCGG M . 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTtfflrCTCGG M , 
AAACCTCTtTCACCATCGACGAAGGTgCGGGTTEfTCTCGG M, 
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1130 1140 1150 1160 

1069 TCTCATGTTGCCAGC RCG^Ak^dfctlfa GGGACTCGTGAgnR M. 
1208 TCTCATGTTGCCAGCACGTAATGGTGGGGACTCGTGAGAG M. 
1104 TCTCATGTTGCCAGcEaGTAATGlcSGGGGACTCGTGAGAG M, 
1056 TCTCATGTTGCCAGCpdGT7U\TGC:CGGGGACTCGTGAGAG M. 
1098 TCTCATGTTGCCAGCpdGTAATGCTGGGGACTCGTGAGAG M. 
1064 TCTCATGTTGCCAGCpGlGTAATGlggGGGGACTCGTGAGAG M. 

1119 tctcatgttgccagcacgtaatggtggg6actcgtgagag m, 

1066 tctcatgttgccagcESgtaatgESggggactcgtgagag m, 

1067 tctcatgttgccagdsggtaatgccggggactcgtgagag m. 

1100 TCTCATGTTGCCAGcbdGTAATGpqGGGGACTCGTGAGAG M, 
1061 TCTCATGTTGCCAGCACGTAATGGTGGGGACTCGTGAGAG M. 
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1250 1260 1270 1280 

1189 CAATGGCCGGTACAAAGGGCTGCGATGCcA:6kGGTTAAB M. tuberculosis 
1328 CAAT6GCC6GTACAAAGGGCTGCGATGCCGCGAG6TTAAG M. bovis 
1224 CAATGGCCGGTACAAAGGGCTGCGATGCCGplAGGtTAAG M. avium 
1176 CAATGGCCGGTACAAAGGGCTGCGATGCCGCTkGGTTA M- intracellulare 
1218 CAATGGCCGGTACAAAGGGCTGCGATGCCGFmGGT^ M. paratuberc - 
1184 CAATGGCCGGTACAAAGGGCTGCGATGCCGOTkGGTTAA M. scrofulaceum 
1239 CAATGGCCGGTACA7\AGGGCTGCGATGCCGCgpiGGTTAAG M. leprae 

1186 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG M. kansasii 

1187 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG M. gastri 
1220 CAATGGCCGGTAC3V\AGGGCTGCGATGCCGCGAGGTTAA6 M. gordonae 
1181 CAATGGCCGGTACAAAGGGCTGCGATGCC6CGAGGTTAAG M- marinum 
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1290 1300 1310 1320 

1229 CGAATC|STSaifi|WVGCCGGTCTCAGTTCGGAT^GGGTCT M. 
1368 CGAATCCTTA-AAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 
1264 CGAATCCTTff^AAAGCCGGgCTCAGTTCGGAlfiiGGGGTCT M. 
1216 CGAATCCTTriAAAGCCGGTCTCAGTTCGGATIGGGGTCT M. 
1258 CGAATCCTTr^7\AAGCCGGgCTCAGTTCGGATISGGGTCT M. 
1224 CGAATCCTTriAAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 
1279 CGAATCCTTriAAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 

1226 CGAATCCTTriAAAGCCGGTCTCAGTTCGGATCGGGGTCT M, 

1227 CGAATCCTTrTAAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 
1260 CGAATCCtTrgAAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 
1221 CGAATCCTTg-AAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 
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1330 1340 1350 1360 

1268 GCAACTCGACCCC^GAAGTCGGAGTCGCTAGTAATCGCA M. tuberculosis 

1407 GCAACTCGACCCCGfGAAGTCGGAGTCGCTAGTAATCGCA M.bovis 

1304 GCAACTCGACCCcStgmGTCGGAGTCGCTAGTAATCGCA M. avium 

1256 GCTlACTCGACCCqATGAAGTCGGAGTCGCTAGTAATCGCA M. intracellulare 

1298 GCAACTgGACCC^TGAAGTCGGAGTCGCTAGTAATCGCA M.paratuberc . 

1264 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M- scrofulaceum 

1319 GCAACTCGACCCCGTGAAGTCGGAGTC6CTAGT7\ATCGCA M- leprae 

1266 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M.kansasii 

1267 GCTU^CTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M.gastri 
1300 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATC6CA M - go rdonae 
1260 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M.marinum 
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50 



60 



70 



80 



128 TTCCGAACCCGGAAGCTAAGCCTGCCAGCGCCGATGATAC M. tuberculosis 
3 9 10CCGAACCCGGAAGCTAAGCCTGCCA6CGCCGATGATAC M - bo vi s 
41 TGCCGAACCCGGAAGCTAAGCCTGCCAGCGCC^TGATAC M.phlei 
3559 TRCCGAACCCGGAAGCTAAGCCTGgcAGCGCCGATGATAC M. leprae 
5743 TjgCCGAACCCGGAAGCTAAGCCTGCCAGCgcCGAtGATAC M.smegmatis 



168 
79 
81 



90 100 110 120 

TGCCqsai^Sa^G TGGAAAAGTAGGACACCGCCGAAC M- tuberculosis 



— TGGAAAAGTAGG^ACCGCCGAAC M.bovis 

-r"j-L3--a — TGGAAAAGTAGGACACCGCCGAAC M.phlei 

3599 TGCCCrQicGGG TGGAAAAGTAGGACAC@GCCGAAC M. leprae 

5782 TgcCCptNgGGg TGGAAAAGTAGGACACCGCCGAAC M.smegmatis 



TGCCC CTC CGG 
TGCCCfrCfllcgGi 



\ 
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90 



100 



110 



120 



382 GGGAGCTGTCAACCGAGqaiapATCCGAGGATTTCCGAAT M. avium 

382 GGGAGCTGTCJU\CCGAGCATTGATCCGAGGATTTCCGAAT M. paratuberc . 

1053 GGGAGCTCTCAACCGAGdarSGAtCCGAGGATTTCCGAAT M. tuberculosis 

467 GGGAGCfGTCAACCGAGCSTSGATCCGAGGATTTCCGAAT M.phlei 

392 GGGAGCtGTCAACCGAGCSTGGATCCGAGGATTTCCGAAT M. leprae 

1 67 GGGAGCTGTCAACCGAGC 3 T 3 SATCCGAGGATTTCCGAAT M . g as t r i 

110 GGGAGCTGTCAACCGAGC 3 TgGATCCGAGGATTTCCGAAT M.kansasii 

2548 GGGAGCTCTCAACCGAGCgrTGATCCGAGGATlrCCGAAT M.smegmatis 



170 



462 GAATATATAGGGTGCG- 
462 GAATATATAGGGTGCG- 
1133 GAATATATAG GGTGC G- 
547 GAATATATAGGlCGTljG- 
472 GAATATATAGGG^jcG- 
247 G7\ATATATAGGGTGCG- 
190 GAATATATAGGGTGCG- 
2628 GAATATATAGGT 



180 190 200 

-GGAGCQVACGCGGGGAAGTGAAA M. 
■GGAGGTAACGCGGGGAAGTGAAA M. 

-ggaggSaacgcggggaagtgaaa m. 
•gggggsaacgcggggaagtgaaa m. 
-ggagg3aacgcggggaagtgaaa m. 
-ggagg3aacgcggggaagtgaaa m. 
•ggagg3?\acgcggggaagtgaaa m. 
•gg§gggaacgcgg@gaagtgaaa m. 
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250 260 270 280 

541 -GTCAGTAGTGGGGAGCGA jtc-CGGAACA-Gb cTTXnnc^ M. 

541 -gtcagtagt6gcgagcgaac-cggaaca-g6ctaaaccg m. 
1212 -g^agtagtggcgagcgaa^cggaaca-ggctaaaccg m, 
626 -gtcagtagtggcgagcgaaEaq^ M. 

551 -G^jAGTAGTGGCGAGCGAAro^ M, 
326 ^GTCAGTAGTGGCGAGCGAAC^GGAACAIGGCTAAACCG M, 
269 -GT^GTAGTGGCGAGCGAACGCGGAACAIGGCTAAACCG m! 
2706 @GT@AGtAGTGGCGAGCGAACyCGGA|^\yGGCTA?J\cQG M. 
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578 
578 



290 300 310 320 

-CATC^£a2fi^CCGGGTA6GGGTTGTGT6TGCGGGGT M, 
CATG-CATGGACAACCGGGTAGGGGTTGTGTGTGCGGGGT M . 

.CCGGGTAGGGGTTGTGTGTGCGGGGT M, 




PG-CATGTGA' 
CAj^CATGbi 
CACjG-CATGGlsTi 
C7\jgG-CATGGp ^ 
2745 HaTgRcATG FGA' 




giQggggttgtgtgtgcgg 

A|GGTAGGGGTTGTGTGTGC6G 
CCGGGTAGGGGTTGTGTGTGCGGGGT m, 
CCGGGTAGGGGTTGTGTGTGCGGGGT m, 
CCGGGTAGGGGTTGTGTGTGCGGGGT m, 
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617 

617 

1289 

703 

629 

404 

347 



330 340 350 360 

TGTGG ^TTGATATGi rCTCAGC fTCTACCTGGCTGAGGh GG M. 
TGTGGGATTGATATGTCTCAGCTCTACCTGGCTGAGG-GG M . 

tgtggga|?^gatatgtctcagd ^tac ~ 
tgtggg Is^ccto ^ 



TGTGGGA 
TGtGGGA 



2785 TGTi3GGJ 



TGTGGGATTGgrATGTCTCAyCTCTACCTGG{gTGA!GG-GG M 




GATA G GTCTCAGCTCTACCtjGGCTGAGG--GG M . 
GATA : STCTCAGCTCTACCgGGCTGAGG-GG M- 
iTgrgrcgC^CTCTACCTGGCTGgG^GG M, 
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370 380 390 400 

65 6 TAGTCAGAAAGTGTCGTGGTTAGCGGAAGTGGCCTGGGJ^ M - avium 

65 6 TAGTCAGAAAGTGTCGTGGTTAGCGGAAGTGGCCTGGGAC M . p ar atube rc . 

1327 ^GTCAGAAA GTGTC GTGGTTAGCGGAAGTGGCCTGGGAH M. tuberculosis 

742 TAGTgA@AAAG^^GTGGTTAG§^AAGTGGCCTGGGA T M . phle i 

668 TAGTCAGAAAGTG^GTGGTTAGCGGAAgrGGCCTGGGAI M. leprae 

443 ^gtcagaaagtgtcgtggttaHcggt^agtggcctgggai M. gastri 

386 C AGTCAGAAAGTGTCGTGGTTAglcGGAAGtGGCCTGGGA 1 M . leans as i i 
2823 yAGTgAGAAA@TGl@GTGGTTAGCGGAA|grGGC@TGGGA^ smegmatis 
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410 420 430 

696 GGCCCpcCGTAGACGGTGAGAGCCCGGTACGCGAAA- 
69 6 GGCCCGCCGTAGACGGTGAGAGCCCGGTACGCGAAA- 
1367 GC^^GCCGTAGACGGTGAGAGCCCGGTACGCGAAA- 
782 GG0C I GCCGTAG^CTGAGAGCCCG^CQCGTUUV- 
708 GGCC I GCCGTAGACGGTGAGAGCCCgGTACGCGAAA- 

483 ggHc i gccgtagacggtgagagcccggtacgHgaaa- 

426 GG^ ipCCGTAGACGGTGAGAGCCCGGTACG I GAAA- 
2863 GGCqrqCCGTAGACGGTGAGAGCCCGGTACGgGAAA- 



I 

440 



■ACC M. 
■ACC M. 
■ACC M. 
■AC§ M. 
•§CC M. 
•ACC M. 
ACC M. 
ACC M. 
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450 460 470 480 

CGGCACCTGCC-BTATATCAACACCCfSAGTanrnnrnnnrn M. avium 
CGGCACCTGCCTTATATC7UVC3VCCCGAGTAGCAGCGGGCC M. paratuberc . 

' ^ATCAflj f^CCGAGTAGCAGCGGGCC M. tuberculosis 
CACAGG-" '! CCCGAGTAGCAGCGGGCC M. phlei 
GCACCTGCCTT dTATCAAh"! CCCGAGTAGCAGCGGGCC M. leprae 
CGGCACCTGCCTT S TATCAA TT CCCGAGTAGCAGCGGGCC M . g as t r i 
CGGCACCTGCCTT3|TATCAA[r'I CCCGAGTAGCAGCGGGCC M- kansasii 
CGgcgljCTGHcT'I TSATGGTGT'Il CCCGAGTAGCAGCGGGCC M . smegmat i s 



735 
735 

1406 CGGCACCTGCC 
820 5| G|CT(j CcRG' 
747 
522 
465 
2902 



570 580 590 600 

855 gagggaatggtga7vaagtaccccgg gaggg-agtgaa7^ ti\ m. 

855 gagggaatggtgaaaagtaccccgggaggg-agtgaaata m. 

1526 gaggbaatggtgaaaagtaccccgggaggg^gtgatuvHa M. 

937 gagggaat@gtgaaaagtaccccgggaggg-agtgaaa^ m. 

867 gagggaatgg tgaaaagtaccccgggagggI^gtgaaata m . 

642 gagggaatggtgaaaagtaccccgggaggg 3 agtgajuvBa m . 

585 gagggaatggtgaa7\agtaccccgggaggg s agtgaaa gam. 

3022 GAGGGAATGGTGAAAAGTACCCCGGGAGGGl^GTGAAflgA M, 



avium 

paratuberc. 

tuberculosis 

phlei 

leprae 

gastri 

kansasii 

smegmat is 



Figure 4C 



wo 98/15648 



PCt/DK97/00425 



19/31 



610 620 630 640 

894 GTACCTGARACCGTGTGCCTACAATCCGTCAGAGC drcCT avium 
894 GTACCtGAAACCGTGTGCCTACAATCCGTCAGAGCCTCCT M . parat Ube rc - 
1566 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTCCT M. tuberculosis 
976 GTACCTGAAACCGTGTGCX:TACAATCCGTCfl@AGCc||cT M.phlei 
907 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTC i)t M . leprae 
682 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCmiT M.gastri 

GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCC CTT T M . kans as i i 



625 



3062 GTACCTGAAACCGTGgGCgrACAATCCGTCAGAGCcjcij^ M.smegmatis 



650 



660 670 680 

;^TG3^GTGATGGCGTGCCTTTTGA M, avium 



934 u 

934 c ■ ^^ GTGGGGTGATGGCGTGCCTTTTGA M . par atube rc . 

1606 iTT TCCTCTCCGGAG GAblisfeGTGATGGCGTGCCTTO^ M. tuberculosis 

1016 qrol jSrgGTGGGGTGATGGCGTGCCTTTTGA M-phlei 

GTGGGGTGATGGCGTGC@TTTTGA M. leprae 

GTGGGGTGATGGCGTGCCTTTTGA M.gastri 

GTGGGGTGATGGCGTGCCTTTTGA M. kansasii 



3102 IftCGTGTH - 



-GTGGGGTGATGGCGTGCCTTTTGA M- smegmatis 



690 



700 



710 



720 



959 agaatgagcctgcgagtcaggg JcacgtcgcgK ggttmc; m, 
23 agaatgagcctgcgagtcagggacacgtcgcgaggttaac m. 
959 agaatgagcctgcgagtcagggacacgtcgcgaggttaac m. 

1646 AGAATGAGCCTGCGAGTCAGGGACAfflGTCGCKkGGTTAAC M. 
4 AGAATGAGCCTGCGAGTCAGGGACArGTCGCgRGGTTAAC M. 
1046 AGAATGAGCCTGCGAGTCAGGGACAIGTCGCGAGGTTAAC M. 
972 AGAATGAGCCTGCGAGTCAGGGACA I GTCGCGAGGTTAAC M . 
747 AGT^ATGAGCCTGCGAGTCAGGGACfl I GTCGCGAGGTTAAC M, 
690 AGAATGAGCCTGCGAGTCAGGGACA I GTCGCGAGGTTAAC M. 
3132 AGAATGMCCTGCGAGTCAGGGACA I GTCGCGAGGTTAAC M. 
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1039 

103 

1039 

1726 

84 

1126 

1052 

827 

770 

3212 



770 

C gCATCCCCTTTGSG- 



780 



790 



800 



CGCATCCCCTTTGGG 
CGCATCCC 



GaarAGTGGCGTGT M, 
GTGTAGTGGCGTGT M. 

gtgtagtggcgtgt m. 
c:atac6cgcgtgi1gSStagtggcgtgt m. 

agtggcgtgt m. 

cgMatc^^c^gM— m. 

CGIRTC^qG@:^TGp|G5G^ GTGTAGTGGCGTGT M, 

CGT — GTGTAGTGGCGTGT M, 

GCGl GTGTAGTGGCGTGT M, 



CGIATCnCSCG 
CGIATqGjcbcG' 
CGi AT 




.GTGTGTGl GTGTAGTGGCGTGT M. 
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1050 



1060 



1070 



1080 



1307 
1307 
2005 
1401 
1323 
1098 
1041 
3486 



CAGCCAAACTCCGAATGC ClG"TGGT(:;-TjExa^fiGCb TGGCA M, 

cagccaaactccgaatgccg-tggtg-taatuvgcgtggca m, 
cagcCaaactccgaatgccg-tggtg-taRaagcgtggca m . 

VGgGTGGCA M, 



CAGCCAAACTCCGAATGCCGPl TfiAG- 

CAGCCAAACTCCGAATGCCG-TGGT^ -TAAAAGCGTGGCA M 
CAGCCAAACTCCG7UVTGCCG-TGGTG-T 

cagccaaactccgaatgccg-tggtg-t: 



CAGCCAAACTCCGAATGCCGgr 




[GCGTGGCA M- 
CGTGGCA M, 
^A^G|GgGGgA M. 
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1425 
1425 
2122 
1519 
1441 
1215 
1158 
3606 



1170 1180 1190 1200 

agtggaaaaggatgt A'agtcgcagK -gacaaccaggagg m, 

AGTGGATW^GGATGTGTAGTCGCAGA-GACAACCAGGAGG M, 



AGTGGgRAAGGATGTGl^GTCGC 
AGTGG7\AAAGGATGTG C AGTCG 
AGTGGAAAAGGATGTGCAGTCQ _ 

AGTGGS^AAGGATGTG::AGTCGCAGA-GACAACCAGGAGG M 
AGTGGyAAAGGATGTG:AGTCGCAGA-GAC7\ACCAGGAGG M 

agtggaaaaggatgtgb|agtcgcaga@ga^\accaggagg M 




^ l-GACAACCAGGAGG m. 

[aQgacaaccaggagg m, 
' .-gacaaccaggagg m. 
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1250 



1260 



1270 



1280 



1504 
1504 
2201 
1598 
1520 
1294 
1237 
3686 



1 _ ' ■ ; 1 _t- 

CTCACTGGTCAAGTGATT IATGCGCCB ATARTGTAGCGGGG M. 

ctcactggtcaagtgattatgcgccgataatgtagcgggg m , 
ctcactggtcaagtgattStgcgccgataatgtagcgggg M , 
ctcactggtcaagtgatt s tgcgc@gataatgtagcgggg m , 

CTCACTGGTCAAGTGATT S TGCGCCGATAATGTAGCGGGG M , 
CTCACTGGTCAAGTGATT S TGCGCCGATAATGTAGCGGGG M . 
CTCACTGGTCAAGTGATT^ S TGCGCCGATAATGTAGCGGGG M , 
grCACTGGTCAAGTGATTgTGCGCCGATJ^GTlGCGGGG M, 



avium 

paratuberc. 

tuberculosis 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



1544 
1544 
2241 
1638 
1560 
1334 
1277 
3726 



1290 1300 1310 1320 

CTCAAGCACACCGCCGAAGCCGCGGCACAt1tCATCTT"TA m 



CTCAAGCACACCGCCGAAGCCGCGGCACATTCATCTT-TA M . 

M. 
M. 



CTCAAGCACACCGCCGAAGCCGCGGC ACATiq Cfl C CT' 

ctcaagcacaccgccgaagccgcggcaF^ca s c^ 
ctcaagcacaccgccgaagccgcggcacattcaHcttIcIta m 
ctcaagcacaccgccgaagccgo 
ctcaagcacaccgccgaagccgci , 
@tcaagcacaccgccgaagccgcgi 




avium 

paratuberc. 
tuberculosis 
phlei 
leprae 
gastri 
kansasii 
~Gc| cAHqs|T^^ M. smegmatis 



ACC3C- 

ACCSC- 



A 
HA 



1330 



1340 



1350 



1360 



1583 
1583 
2280 
1676 
1600 
1367 
1310 
3764 



CGGTGGAT GTGGGTAGGGGAGCGl lcCCCfc ATTCAGCGAAG M 
CGGTGGATGTGGGTAGGGGAGCGTCCCCCATTCAGCGAAG M 
^GTGGHTGTGGGTAGGGGAGCGTCCdScATTCAGCGJLAG M 
TGGg^GgTGTGGGTAGGGGAGCGTCCSaCATgcgGgGAAG M 
S GGT GGATG TGGGTAGGGGAGCGTHcdl CATTCAGCGAAG M 

n GGTl ITGGGTAGGGGAGCGTCCC I CATTCAGCGAAG M 

^ GGT TGGGTAGGGGAGCGTCCC 1 CATTCAGCGAAG 



TT- 



. avium 

.paratube rc. 

.tuberculosis 

.phlei 

. leprae 

.gastri 



MJ 



kansasii 

JfTGGGTAGGGGAGCGTCCgG^ATQcgGlGAAG M. smegmatis 
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1370 



1380 



1390 



1400 



1623 
1623 
2319 
1716 
1640 
1402 
1345 
3796 



_^GGGTGACCGGTGGTG6AGGGTGGGGGAGTGAGAAT M- 
CT- CCGGGTGAgCGGTGGTGGAGGGTGGGGGAGTGAGAAT M , 
^SCCGGGTGACCGGTGGTGGAGGGTGGGGGAGTGAGAAT M , 
C 3G CCG@GTGA@GGGTGGTGGAGGGTGgGGGAG TGAGAAT M . 

c zj ccgggtQaccggtggtggagggtgggg^gtgagaat m . 
ccgggtgaccggtggtggaggHtgggggagtgagaat m , 
cggggtgaccggtggtggagggftgggggagtgagaat m , 

C^§CCG@GT0C:^GTGGTGGAGG6TG@GGGAGTGAGAAT m. 



avium 

paratuberc. 

tuberculosis 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



1530 



1540 



1550 



1560 



1781 
1781 
2479 
1875 
1800 
1562 
1505 
3956 



CGATGGACAACGGGTTGATATTCCCGTACCCGTG jATGG^ M . 

cgatggacaacgggttgatattcccgtacccgtgtatggg m , 

CGATGGACAACGGGTTGATATTCCCGTACCCGTGT§TGGG M . 

cgatggacaacgggttgatattcccgtacccgtgtatgHg m . 

CGATGGACAACGGGTTGATATTCCCGTACCCGTGTBrGg G . M . 
CGATGGACAACGGGTTGATATTCCCGTACCCGTGT G TGGG M . 
CGATGGACAACGGGTTGATATTCCCGTACCCGTGT 3 TGGG M , 
CGATGGACAACGGGTTGATATTCCCGTACCCGTGTATG@G M , 
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1821 
1821 
2519 
1915 
1840 
1602 
1545 
3996 



1570 



1580 



1590 



1600 



CGTCCCTGATC j^ATCA-GCGGTACTAACCarcTnnanarrra m, 
CGTCCCTGATGAAT,CA-GCGGTACT7\ACCACCCAAAACCG M , 
CGgccgTGAgGAAT CA-GCGG TACTAACCACCCAAAACCG M, 
CGTCCCTGATGAATC ^ATTCt rl^TAACCACCCAAAACCg M, 
CGBcd^GATGAATCA- GCGGTACtQaCCACCCAAAACCG M . 
CGCCCSTGATGAATCA-GCGGTACTAACCACCCAAAACCG M. 
CGQCCGTGATGAATCA-GCGGTACTAACCACCCAAAACCG M. 
CGTCCyTGATGAATCA-GCGGTACTAACCAgcCAAAACCg M, 
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1610 



1860 
1860 
2558 
1955 
1879 
1641 
1584 
4035 



SSSSE 



1620 1630 1640 

:CCCTTCGGGG aC"GTGGCGATT-'^ G M, 



gat-cg;| 

G AT-CGACCAT-TCCCCTTCGGGGGC-GTGGCGATT-CGG M . 



GAT-CGi 
G^CGJ 
GAT-CGACCA*: 
GAT-CGA 
GAT-CGA 



TCCCCTTCGGGGGf-ljGTGGWGprtT|d^^ M 
'CcF^TCGGG GF—p G TG^ CG 3 rTPHGG M 
'CCCCTTCGGGGGC ^GG pIg S TT- CGG M , 
- TCCCCTTCGGGGGg^TGG R G 3 tB-|i)SG M . 

t cccct tcgggg gc- gtggHg S T ^ ^® M 



^CCGTl GACC pCA^ C ^^^ TCGGG Gh-Tfe I T SGI GG M. 
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1896 
1896 
2594 
1986 
1917 
1677 
1620 
4071 



1650 1660 1670 1680 

ggctgcgtgg |gaccttcgcl rggtagtagtcaagc 37\atl 3gg m. 
ggctgcgtgggaccttcgctggtagtagtcaagcaatggg m . 
ggctgcgtggga§cttcgctggtagtagtcaagcBa@ggg M. 
ggctgcgtgggacc^g^g^ggtagtagtcaagc g atggg m , 
ggctgcgtg gga8^ ttcgHtggtagtagtcaagc G ATGGG M . 

GGCTGCGTGGRgCCTTCGCTGGTAGTAGTCAAGC 3 ATGGG M . 
GGCTGCGTGG^gCCTTCGCTGGTAGTAGTCAAGC 3 ATGGG M , 
GGCTGGgrGGGACCTTCG@TGGTAGTAGTCAAGC3ATGGG M. 
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1690 



1700 



1710 



1720 



1936 -GTGACGCAGGAAGGCAGCCGTACCAGTCAGTGGTAATA- M. 
1936 -GTGACGCAGGAAGGCAGCCGTACCAGTCAGTGGTAATA^ M, 
2634 -GTGACGCAGGAAGGGjAGCCGTACCAGTCAGTGGTAAgA- M, 
2025 -GTGACGCAGGAAGGIAGCCGTACCAGTCAGTGGTAATA- M. 
1957 -GTGACGCAGGAAGGgjAGCCGTACCAGTCAGTGGTAATA- M. 
1717 -GTGACGCAGGAAGGCAGCCGTACCAGTCAGTGGTAATA- M, 
1660 -GTGAGGCAGGAAGGCTVGCCGTACCAGTCAGTGGTAATA-^ M, 
4111 -GTGACGCAGGAAGG@AGCCGTACCgGtCAGTG6TAATA- M. 
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1730 



1740 



1750 



1760 



1974 -CTGGGGCAAGCC CGTAG— JO SAGCGATAGGCAAATCCGT M. 

1974 -ctggggcaagcccgtag — agagcgataggcaaatccgt m. 
2672 -ctggggcaagc^gtagIs^^agcgataggcaaatccgt M. 
2063 -c:@gggg@aa§ccbjgtagsgqgag@gataggcaaatccgt m. 
1995 -ctgg§gcaagcccgtagsgEgagcgata6gcaaatccgt M, 
1755 -ctggggc7vagcc0gtag3gagagcgataggca7w^tccgt m- 
1698 -ctggggcaagccrgtagsg agagcgataggcaaatccgt m. 

4149 -C@GG@Gp\AGCCg3TAGggAGg^GATAGG|^ M. 
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1810 1820 1830 1840 

2051 CG-7UVTTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M. avium 
2051 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M . par at ube rc . 
2751 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M. tuberculosis 
2141 CG-AATTCGGTGATCCT§TGCTG@cgRGAA7UVGCCTCTA- M.phlei 
2074 CG-AATTCGGTgA@CCTCTGCTGCCAAGAAAAGCCTCTA" M. leprae 
1834 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M.gastri 
1777 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M.kanaasii 
4228 CG-AATTCGGTGATCCT§rGCT6CC|AGAAAAGCCTCTA- M.smegmatis 



2089 
2089 
2789 
2179 
2112 
1872 
1815 
4266 



1850 1860 1870 1880 

GCGAGclaSaiaSffGrGCCCGTACCCCAAACCAACACAGGT M, avium 
GCGAGCACATACACgGCCCGTACCCCAAACCAACACAGGT M. paratuberc . 
GCGAGCACAgACACGGCCCGTACCCCAAACC^CACAGGT M . t Ube rculo S i S 
GC§AGCHCATACACGGCCCGTACCCCAAACCAACACAGGT M . phle i 
GCGAGc5@A^g§CGGCCCGTACCCCAAACC&lCACAGGT M. leprae 
GCGAGCACA : ACACGGCCCGTACCCCAAACC 3 ACACAGG M.gastri 
GCGAGCACAjgACACGGCCCGTACCCCAAACq^CACAGGT M - leans as i i 
GCGAG§ACATACACGGCCCGTACCCCAAACCAACACA6GT M . smegmat i £ 



1970 1980 1990 2000 

2208 AGGGG dcCCGGAATACC GTGAACACCCTTnnnRTf^rtrsnnr M. avium 
2208 AGGGGGCCCGGAATACCGTGAACACCCTTGCGGTGGGAGC M-paratuberc • 
2908 AGGGGgHcCGGAATA@CGTGAACACCCTTGCGGTGGGAGC M. tuberculosis 
2298 AGGGGGRC;C^§TACCGTGA|G§C@CTTGCGGgGG^GC M.phlei 
2231 AGGGGGgCCGGAATAgCGTGAACACCCTTGCGGTGGGAGC M. leprae 
1910 M.gastri 
1934 AGGGGgHcCGGAATACCGTGAACACCCTTGCGGTGGGAGC M.kansasii 
4385 AGGGGGycC^AlflCGTGln^CCgTTgCGG^^GC M.smegmatis 



2248 
2248 
2948 
2338 
2271 
1910 
1974 
4425 



2010 



2020 



2030 



2040 



GGGRllTCGfecbGCAGAAACCAGT qGGTA GCGACT- GTTT A M. 
GGGATTCGGCCGCAGAAACCAGTGGGTAGCGACT- GTTTA M . 

gggatScgg 

GG6|Gi|GG 
GGGAl^CGG 



:gcagaaaccagtgrgsagcgact-gttta m. 
^ 5CA@RAACCAGTG r g g agcgact-gttta m . 
:GCAGA§ACCAGTGyGyAGCGACT-GTTTA M< 



GGGATTCGG ijCGCAGAAACCAGTC 
GgGAgrgGGll^CAgAAACCAGTG 



M. 

\GCGACT@GTTTA M. 
\GCGACT-GTTTA M, 
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2130 2140 2150 2160 

2367 CCGTTAACCq21^-AAGGGTGAAGCGGAGAATTTAAGCCC M. avium 
2367 CCGTTAACCCGT—AAGGGTGAAGCGGAGAATTTAAGCCC M. paratuberc . 
3067 CCGTTAACCCGH— AAGGGTGAAGCGGAGAATTTAAGCCC M . tube rculo S i S 

|cg|ggGTGAAGCGGAGARTTTAAGCCC M - phle i 



2457 CCGTTAACC 
2390 cgGTtAACCCG 



--"AAGGGTGAAGCGGAGAATTTAAGCCC M. leprae 



1910 M.gastri 
2094 CCGTTAACCCG R— AAG GGTGAAGCGGAGAATTTAAGCCC M- leans as ii 
4544 CCGTTAACCC pCTTGGl GGGTGAAGCGGAGAATTTAAGCCC M-smegmatis 



2485 
2485 
3185 
2577 
2508 
1910 
2212 
4663 



2250 2260 2270 2280 

GTAACGACTT aCCAAD TGTCTCAACCATAGAnTrflf^ncian M. 
GTAACGACTTCCCJyVCTGTCTCAACCATAGACTCGGCGAA M , 
GTAACGACTT^CAACTGTCTCAACCATAGACTCGGCGJ\A M, 
GTAACGACTTC I CAACTGTCTCAACCATAGACTCGGCGAA M , 
GTAACGACTTCyCAACTGTCTCAACCATAGACTCGGCGAA M, 

M. 

GTAACGACTTOTCAACTGTCTCAACCATAGACTCGGCGAA M. 
GTAACGACTTCgCAACTGTCTCTtflcB^TAGACTCGGCGAA M. 
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2370 



2380 



2390 



2400 



2605 
2605 
3305 
2697 
2628 
1910 
2332 
4782 



GTTCGGTACGGTTTGTGTAGGATAGGTGGGAGACl trTGri^ M. avium 
GTTCGGTACGGTTTGTGTAGGATAGGTGGGAGACTTTGAA M. paratuberc . 

gttcggtacggtttgtgtaggataggtgggagactHtgaa M- tuberculosis 

G@TCG@TACGGTTTGTGTAGGATAGGTGGGAGACT 3 TGAA M - phlei 
GTTCGGTlCGGTTTGTGTAGGATAGGTGGGAGACTgTGAA M. leprae 

M.gastri 

GTTCGGTACGGTTTGTGTAGGATAGGTGGGAGACtBtGM M. Jcansasii 
GgrCGgrACGGTTTGTGTAGGATAGGTGGGAGACITgrGAA M. smegmatis 



Figure 4J 
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2410 



2420 



2430 



2440 



2645 

393 

2645 

.3345 

284 

2737 

2668 

1910 

2372 

4822 



ACGCCAGTTEfilfiBSGAGTCGTTGTTGAARTACC M. 

.cagacgccagtttgtQtggagtcgttgttgaaatacc M . 

GCACAGAC6CCAGTTTGTGTGGAGTCGTTGTTGAAATACC M . 



tcgacgccagttBgBgSggagtcgttgttgaaatacc M 
c^tc gacgccagtt 3 g g ggggagtcgttgttgaaatacc m 
§3 gacgccagtt c g 3 gtggagtcgttgttgaaatacc 



GC 



M, 



^ irTcfe ACGcHAGTTblGlGbTGGAGTCGTTGTTGAAA'rACC M 

M 

H^T^feCGCCAGT^GBGTGGAGTCGTTGTTGAAATACC M 
Gcj]^CA|gACGCCAGT^GyGTGGAGTCGTTGTT6AAATACC M 
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2685 

433 

2685 

3385 

324 

2777 

2708 

1910 

2412 

4862 



2450 2460 2470 2480 

ACTCTGATCGTATTGGACACCTAACGTCGAAC dcT-TAE c M. 
ACTCTGATCGTATTGGACACCTAACGTCGAACCCT-TATC M . 
ACTCTGATCGTATTGGACACCTAACGTCGAACCCT-TATC M , 
ACTCTGATCGTATTGGBCAfflCTAAC0TCGAACCCT|M|ATC M, 
ACTCTGATCGTATTGG 3 CAjl CTAAC C TCGAACCCTGMVTC M . 
ACTCTGATCGTATTGG CTAAC C TCGgACCBlp^TC M . 
ACTCTGAT^GTATTG^CAgCTAAclgrCGAACCg^TOTC M, 

M. 

actctgatcgtattggacacctaacgtcgaaccctI^atc m . 

ACTCTGATCGTATTGGgc||CTAACgrCG|ACCgl^^TC M. 
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2924 
2924 
3625 
3017 
2948 
1910 
2652 
5102 



2690 2700 2710 2720 

ggtgtc@:tcaacggataaaaggtaccccggggataacS3 m. 
ggtgtcactcaacggataaaaggtaccccggggataa< " 
ggtgtcSctcaacggataaaaggtaccccggggataac 
GGTGTq G ctcaacggataaaaggtaccccggggataac 

GGTGTqgCTCAACGGATAAAAGGTACCCCGGGGATAAC 

G6TGTcjiCTCAACGGATAAAAGGTACCCCGGGGATAA( 
GGTGTC@CTCAACGGATAAAAGGTACCCCGGGGATAA< 
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2730 2740 2750 2760 

2964 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. avium 
2964 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. paratuberc . 
3665 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. tuberculosis 
3057 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M- phlei 
2988 6CTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M- leprae 
1910 M. gastri 

2692 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M.Jcansasii 
5142 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M- smegmatis 



Figure 4K 
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2770 2780 2790 2800 

3004 GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M.avitun 
3004 GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M.paratuberc . 
3705 GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M. tuberculosis 
3097 GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M.phlei 
3028 GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTG^GCA M. leprae 
1^10 M.gastri 
2732 GCACCTCGATGTCGGCtCGTCGCATCCTGGGGCTGGAGCA M.kansasii 
5182 GCACCTCGATGtCGGCTCGTCGCATCCTGGGGCTGGAGCA M.smegitiatis 

■ — I 

2810 2820 2830 2840 
-> — ■• 1 1 



3044 


ggtccca;! 


3044 


GGTCCCAA 


3745 


GGTCCCAA 


3137 


GGTCCCAfi 


3068 


GGTCCCAA 


1910 




2772 


GGTCCCAA 


5222 


GGTCCCAA 



PGTTGGGCTGTTCGCCC-ATTTWIGCGGCAC M- avium 
SGTTGGGCTGTTCGCCC-ATTAAAGCGGCAC M.paratuberc . 
SGTTGGGCTGTTCGCCC-ATTAAAGCGGCAC M. tuberculosis 
SGTTGGGCTGTTCGCCC-ATTAAAGCGGCAC M . phlei 
3GTTGGGCTGTTCGCCC-ATTAAAGCGGCAC M. leprae 

M.gastri 



3283 

638 

3283 

3984 

570 

3376 

3307 

1910 

3011 

5462 



3050 3060 3070 3080 

CAAGATCAGGTTT-CTCACC drTTTAGAE GGATAAGGCriC M< 
CAAGATCAGGTTT-CTCACCCTTTTAGAGGGATAAGGCCC M, 
CAAGATCAGGTTT-CTCACCCTTTTAGAGGGATAAGGCCC M . 

GGATAAGGCCC M, 
GGATAAGGCCC M, 
lAGGGATTUVGGCCC M. 

M. 
M, 



CAAGATCAGGTTT-PTCACC 
CMGATCAGGTTT-CTCACC( , 
CAAGA@CAGG@TT-CTCACCC' 
CAA 




CAAGATCAGG 
CAAGAgCAGG 



:|TT-CTCACC« 
P-^CTCACCC 




l@GGGATAAGGCCC M, 
AGGGATAAGGCCC M, 
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3322 

677 

3322 

4023 

609 

3415 

3309 

1910 

3050 

5501 



CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 



CCCGC- 
CCCGC- 



3090 3100 3110 3120 

■AGACCACGGc fe.TTGATAGGCC AGACCTGGAASCT M, 

-agaccacgggHi^gataggccagacctggaagct M. 
-agaHcacgggattgataggccagacctggaagct m. 

■AGA R CACGGGfflrESbLTAGGBcAGACCTGGAAGCT M . 
•AGAHCACGGGyTCMATAGGgCAGACCTGGAAGCT M. 
■AGACCACGGGAigGATAG^CAGACCTGg^GcQ M. 

M. 

M. 

■AGA@CACGGG@r@GATAGGCCAGACCTGGAAGCT M, 
"AGACCACGGGATTGATAGgcCAGACCTGGAAGCg M. 
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Figure 4L 
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107 

59 

107 

70 

70 

209 

120 

69 

70 

104 

64 



130 140 150 160 

GRGTARCaCGTGGdCAhTCTGCCCTGCJlCTTC-GGGaTlVA M, 
GAGTAACACGTGGGCAATCTGCCCTGCACTTC-GG6ATAA M , 
GAGTAACACGTGGGCJUVTClgcCCTGCACTTC-GGGATAA M. 
GAGTAACACGTGGGCAATCTGCCCTGCACTTC-GGGATAA M. 
GAGTAACACGTGGG&^tCTGCCCTGCACTTC-GGGATAA M . 
GAGTAACACGTGG 6 rOATCTGCCCTGCACTTC- GGGATAA M . 
GAGTAACACGTGGGg^TCTGCCCTGCACTTq§GGGATAA M . 
GAGTAACACGTGGGCAATCTGCCCTGCACKac-GGGATAA M. 
GAGTAACACGTGGGCAATCTGCCCTGCACftqC-GGGATAA M. 
GAGTAACACGTGGG^ATCTGCCCTGCAC^C-GGGATAA M . 
GAGTAACACGTGGG^ATCTGCCCTGCACTTC-GGGATAA M , 
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450 460 470 480 

424 AAACCTCTTTCACCATCGACGAAGGTCCGG dTTTrb TCGG M 

376 AAACCTCTTTCACCATCGACGAAGGTCCGGGTTTTCTCGG M 

424 AAACCTCTTTCACCATCGACGAAGGTC CGGGTTT TClflGG M 

387 AAACCTCTTTCACCATCGACGAAGGlciic fi C|T ' 

389 AAACCTCtTTCACCATCGAGGAAGGTCCGGGT' 

528 AAACCTCTTTCACCATCGACGAAGGTCCGGGT' 

439 AAACCTCTTTCACCATCGACGAAGGTCgGGi 

386 AAACCTCTTTCACCATCGACGAAGGTCCGGG' 

387 AAACCTCTTTCACCATCGACGAAGGTCCGGGT' _ 
420 AAACCTCTTTCACCATCGACGAAGGTCCGGGTTTTCTCGG 
381 AAACCTCTTTCACCATCGACGAAGGT@CGGGTTTTCTCGG M 




GgSG M, 
CTCGG M. 
•CTCGG M. 
TCTCGG M. 
CTCGG M, 
TCGG 

M. 
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490 



500 



510 



520 



429 ATT6ACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. 

568 ATTGACGGTAGGTGGAGAAGAAGCACGGGCCAACTACGTG M, 

464 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M, 

416 ATTGACGGTAGGTGGAGAAGAAGCA CCGGCCAA CTACGTG M. 

464 ATTGACGGTAGGTGGAGAAGAAGCAC I l ACTACGTG M. 

424 grTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. 

479 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCJUVCTACGTG M. 

426 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. 

427 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. 
460 js^TGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. 
421 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. 
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Figure 5A 
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1104 
1056 
1098 
1064 
1069 
1208 
1119 
1066 
1067 
1100 
1061 



1130 1140 1150 1160 

TCTCATGTTGCCAGdGGGTAnTP;nr!flf:tflf;nr!TPr!Tai^r5Bfk m, 
TCTCATGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M, 
TCTCATGtTGCCAGCGGGTAATGCgGGGGACTCGTGAGAG M. 
TCTCA^TGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGc£9GTAATG|G5jGGGGACTCGTGAGAG M. 
TCTCATGTTGCCAGC AC GTAATG SI GGGGACTCGTGAGAG M , 
TCTCgVTGTTGCCAGcKqGTAATGlsjGGGGACTCGTGAGAG M. 
TCTCATGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M . 
TCTCATGTTGCCAGCG5GTAATGCCGGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M . 

tctcatgttgccagc^ ^ taatgIs ^ gggactcgtgagag M. 
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1264 
1216 
1258 
1224 
1229 
1368 
1279 
1226 
1227 
1260 
1221 



1290 1300 1310 1320 

CGAAT dcTTTT;^ GCCGGACTCAGTTCGGAT|g3GGGTCT M. 
CGAATCCTTTTAAAGCCGG@CTCAGTTCGGATTGGGGTCT M . 

cgaatcctttt7\aagccggactcagttcggattggggtct m . 
cgaatccttttaaagccggHctcagttcggatSggggtct m. 



CGAATCCTT A- AAAGCCGG I CTCAGTTCGGAl C GGGGTCT M . 
CGAATCCTlTA-jAAAGCCGG I CTCAGTTCGGAT C GGGGTCT M . 
CGAATCCTTTTAAAGCCGG I CTCAGTTCGGAT C GGGGTCT M . 
CGAATCCTTTTAAAGCCGG I CTCAGTTCG6AT : GGGGTCT M . 
CGAATCCTTTTAAAGCCGG I CTCAGTTCGGAT : GGGGTCT M . 
CGAATCCTTTTAAAGCCGG I CTCAGTTCGGAT Z GGGGTCT M . 
CGAATCCTTTgAAAGCCGGgpTCAGTTCGGA'ljgGGGGTCT M. 
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1330 1340 1350 1360 

1304 GCAACTCGACCCCE^GAAGTCGGAGTCGCTAGTAATCGCA M. 
1256 GCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCA M. 
1298 GCAACT@GACCC^TGAAGTCGGAGTCGCTAGTAATCGCA M. 
1264 GCAACTCGACCCC|rGAAGTCGGAGTCGCTAGTAATCGCA M. 
1268 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 
1407 GCAACTCGACCCCSTGAAGTCGGAGTCGCTAGTAATCGCA M, 
1319 GCT^ACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 

1266 GCAACTCGACCcdsTGAAGTCGGAGTCGCTAGTAATCGCA M, 

1267 GCAACTCGACCCC3rG7\AGTCGGAGTCGCTAGTAATCGCA M. 
1300 GCAACTCGACCCqSTGAAGTCGGAGTCGCTAGTAATCGCA M, 
1260 GCAACTCGACCCC3TGAAGTCGGAGTCGCTAGTAATCGCA M, 
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